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Banded Gneisses from Gothenburg and their Transformations 
By 
Pontus LIuNGGREN 


Abstract. Fluctuations in mineralogical composition of banded gneisses along a 
profile, 230 mm of length, are given. The rocks are shown to have suffered a potash 
metasomatism, giving rise to light-coloured layers or veins rich in potash feldspar and 
surrounded by rims of biotite and epidote. The influence of tectonical movements upon 
the development of different kinds of light-coloured layers, veins, and irregular bodies 
is pointed out. 


Acknowledgement. The major part of this investigation was carried out during the 
author’s stay at the Geological Institution of Chalmers University of Technology, Gothen- 
burg. The microscopic slides were prepared by Mr. 8. Dahlén. 


The aim of the present investigation has been to examine a very 
short profile of banded gneisses! with microscopical methods and to 
discuss some of the problems connected with the origin of these rocks. 
The profile is situated in western Sweden just south of Chalmers Uni- 
versity of Technology in Gothenburg. In this part of Gothenburg the 
bedrock is dominated by banded gneisses, aplitic and pegmatitic veins 
and dykes, and metabasites (H. E. Jonansson, 1931). The strike of 
the rocks is about N 20—30° W, and the dip varies from vertical to 
almost horizontal, most often, however, 40—60° to the west or south- 
west. The region to the south of Gothenburg has recently been de- 
scribed by P. H. LunpecArp# (1951, 1953) and a comparison with the 
results obtained from that area will be given later in this paper. 

One of the outcrops of banded gneiss at Chalmers University of 
Technology was photographed, cf. Fig. 1, and part of the rock was 
broken away. This specimen had a length of about 300 mm perpendicular 
to the schistosity. From this specimen 13 microscopic slides were taken 
out, covering a length of 230 mm, all of them in a plane perpendicular 
1 The term »banded gneisses» is chosen in this paper to cover both real banded gneisses 


and veined gneisses. 
&--573060. G. F. F. 1957. 
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to the schistosity. The location of the »band» of microscopic slides 1s 
marked on Fig. 1. 

In order to find out the variation of the different mineral compo- 
nents along this profile, planimetric analyses were carried out by 
means of the integrating stage of Leitz. With this equipment, lines of 
about 19 mm of length and parallel to the schistosity could be measured 
and the percental composition of each line calculated. The slide was 
then moved one millimetre perpendicular to the schistosity, the com- 
position of the new line calculated, and so on.-In this way 230 lines 
were measured and their mineralogical composition calculated. 

The reliability of planimetric analyses has been discussed by some 
authors (F. Cuayes, 1953; P. Liunaaren, 1954, pp. 52, 55, 57, and 89; 
E. H. T. Wurrren, 1953). In many cases this method is preferable to 
chemical analyses as it gives the actual mineral composition and not 
the bulk of chemical composition. Furthermore, the time necessary 
for carrying out a planimetric analysis is only a fraction of that used 
in chemical analysis. The planimetric method is particularly well 
suited for analysis of rocks of granitic composition since these consist 
of minerals of a comparatively simple chemical composition. The 
planimetric analyses of such rocks could thus with benefit also be 
recalculated into chemical analyses. 

The method used in this paper differs from the ordinary planimetric 
analysis in the use of single lines. The accuracy is naturally much less 
than that of the ordinary analysis, but the mineral composition of 
each line is exactly given. The possibility of comparing the mineralogi- 
cal compositions of neighbouring lines, however, depends upon the 
grain-size of the participating minerals. When the grain-size is too 
large the fluctuations will be too large to allow of a study of changes in 
mineralogical composition along a profile like this one. In this profile 
the grain-size of most lines varies between 0.3 and 2 mm, and this 
grain-size proved to be sufficient to get a comparison of the fluctua- 
tions in mineralogical composition of the different lines along the 
profile. 

The results of the planimetric analyses are given in a diagram, Fig. 2. 
In this diagram each mineral component has its own curve, the amounts 
of the minerals are given in percents of volume, and the internal dis- 
tance between the lines is one millimetre. A photograph shows the 
approximate site of the profile (the necessity of overlapping slides 
made it impossible to get all slides in exactly one and the same plane). 

It is quite evident that the fluctuations in mineral composition 
between neighbouring lines are of a high magnitude owing to the 
grain-size compared with the small distance of each measurement. 
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A careful examination of these curves, however, will reveal some very 
interesting trends in the petrology of these rocks. 

The profile is chosen so as to cut some different types of the banded 
gneiss: the ordinary greyish gneiss, the light-coloured layers, the more 
coarse-grained, almost pegmatitic rocks. The profile has been divided 
into different parts according to the macroscopical differences of the 
separate layers, from A at the left side of the diagram to S at the right 
side. The different parts can also be seen on the photograph. 

The left and the middle part of the diagram, from A to K, will be 
dealt with first. It is evident that quartz and plagioclase have no 
special trends within these parts of the profile; it is remarkable that 
the percentages of these minerals have not changed to any greater 
extent at the first light-coloured band C. Epidote and biotite, on the 
other hand, show very large fluctuations all along and follow each 
other almost exactly. The most interesting mineral, however, is micro- 
cline with its large variations in light-coloured and dark-coloured gneissie 
layers. 

Section C is very poor in dark-coloured minerals, as is evident from 
the photograph, but it is surrounded by layers which are characterized 
by a high concentration of dark minerals. This enrichment has caused 
a simultaneous decrease in the percentages of the other minerals. It 
is interesting to observe that there is no enrichment of quartz in section 
C. The microcline, however, shows a very high enrichment in this 
section, somewhat concentrated to the left side. 

Sections E and G are fairly uniform, with high contents of plagio- 
clase, quartz, and dark minerals, but with very low values of microcline. 
At F, however, there is a local enrichment of microcline accompanied 
by a strong decrease in the contents of biotite and epidote, but with 
no influence on the contents of quartz and plagioclase. This narrow 
layer is also to be seen on the photograph. 

Sections H—J are characterized by a central part (I), poor in biotite 
and epidote, surrounded by two borders (H and J), highly enriched 
in these two minerals. In I, microcline has been enriched. 

Section K is comparable with sections E and G in having rather 
high contents of biotite and epidote. K shows to the right a transition 
into gneisses of another kind, characterized by a higher content of 
microcline. 

Sections M and O mark two local, high enrichments of biotite and 
epidote, both of them surrounded by sections almost without these 
minerals. The grain-size is comparatively small and even from A to K, 
but there is a larger grain-size between L and R. In section L there is 
a high enrichment of quartz, up to 73 percent of this layer is made up 
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of quartz. The large fluctuations in mineral composition within sec- 
tions L and O, however, have had but little influence upon the per- 
centage of plagioclase. Quartz, on the other hand, decreases greatly 
at the sections where biotite and epidote are enriched: at M and O, 

Section P is characterized by a very high enrichment in microcline 
combined with almost complete absence of biotite and epidote. The 
last section, 8, is characterized by a very high content of plagioclase 
and almost complete absence of microcline. 

The data of this profile might be summarized _as follows. The quartz 
has taken almost no part in the comparatively intense transitions 
from dark-coloured to light-coloured rocks, except in a few sections of 
the right part of the profile. In this more pegmatitic part the other 
minerals too have suffered great changes. The same thing can to some 
extent be said also about the plagioclase, which seems to have been 
rather inactive as the sites of the light-coloured layers can hardly be 
located from the curve of the plagioclase. 

The curve of microcline behaves quite different from those of quartz 
and plagioclase, and the sites of the light-coloured layers can im- 
mediately be recognized in this curve. There are very large differences 
in percentage of microcline from layer to layer. The curves of biotite 
and epidote are also characteristic of dark-coloured and light-coloured 
layers. 

To a certain degree the high peaks of microcline at sections C and P 
are compensated for by low values of plagioclase; this should be kept 
in mind during the following discussion. 

It is evident from the curves and from the photograph that sections C 
and I are surrounded by rims of dark minerals. Mean value diagrams 
have been constructed of the different minerals, in order to find out 
if a metamorphic differentiation has taken place or not. The profile 
has been divided into sections and the mean values of each mineral 
have been plotted in a new diagram, Fig. 3. The values of biotite and 
epidote have been brought together in one curve. Sections 0 and I 
are surrounded by high walls of biotite and epidote. The great fluctua- 
tions in the contents of microcline, when compared with plagioclase 
and quartz, are clearly seen. — The conclusions from sectioned diagram 
of this kind must be drawn very carefully, since slight change in the 
sites of the sections may result in a diagram quite different from the 
original one. 

It was now assumed, as a working hypothesis, that sections C and I 
had developed through metamorphic differentiation and not through 
any widening of a fissure by the aid of intrusion. The high rims of biotite 
and epidote surrounding sections C and I, cf. Fig. 3, were now recal- 
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Fig. 3. Mean values of planimetric analyses, profile No. 1. 


culated into the same heights as in sections A and E and in sections G 
and K. The surplus of the former high rims was transferred into the 
centres of the light-coloured sections C and I. The new areas obtained 
in this way are marked with hatching in the diagram, Fig. 3. It is 
interesting to observe that the former light-coloured layers C and I 
have now completely disappeared. This speaks in favour of meta- 
morphic differentiation. The biotites and the epidotes have been driven 
out from certain layers and have been enriched along the borders of 
the new layers. The cause of this driving out of biotites and epidotes 
might perhaps be found in the present high contents of potash feldspar 
in the light-coloured layers. This compensation of the dark-coloured rims 
towards the centre of the light-coloured layer means that no widening 
of the rock at the site of these dark- and light-coloured layers has taken 
place in connection with the metamorphic differentiation. 

There is quite another kind of layers in the opposite part of the 
profile. The dark-coloured rims at M and O have been recalculated in 
the same way as mentioned above, but the surplus of material has been 
transferred to the left of each rim. In this way the light-coloured layers 
of L and N have been compensated. The rim of section Q has been 
transferred into section R. It has not been possible, however, to com- 


120 PONTUS LJUNGGREN [Mars—April 1957 


50% 


Cte NAO O%Epidote 


aa 
AMA. JV A—~_]¥ omiotite 


50% 

0%Potash feldspar 
50% 

0% Plagioclase 


50% 


0% Quartz 


0 10 20 30 40 50 60 70 80mm 


Fig. 4. Diagram of planimetric analyses of banded gneisses, profile No. 2. 


pensate the broad, light-coloured layer P. This layer is characterized 
by a very high content of microcline. 

A possible explanation of the differences between sections C, I, and 
P is that, at the first-mentioned two layers the transformations are 
internal whereas at P the changes have been external. A fact that 
speaks in favour of this explanation is the large grain-size of section 
P compared with sections C and I. 

It is quite clear from what is said above that the potash feldspar 
holds a key position in the interpretation of the transformations which 


Bdv79--He 2] BANDED GNEISSES FROM GOTHENBURG IAL 


have evidently taken place. It seems as if this mineral in some way 
has been enriched into a few and distinct layers. But may there not 
primarily have been layers poor in potash feldspar and layers rich in 
this mineral? This is possible, of course, but the metamorphic differen- 
tiation leading to the rims of dark-coloured minerals, which has taken 
place only where there is now a high percentage of potash feldspar, 
speaks against this explanation. 

An examination of the photograph, Fig. 1, reveals that section P 
forms part of a layer of a more pegmatitic appearance than that of 
layers C and I. At the left middle part of the photograph a larger area 
of such a pegmatitic rock is seen. There are two main modes of for- 
mation of such a pegmatitic (or granitic) rock: either through an in- 
troduction of material from an external source or through a partial 
mobilization of substance from internal source, i. e. from the rock itself. 
It is also evident from the photograph, Fig. 1, that the extension of 
the light-coloured layers of C and I is small and that their thickness 
varies rapidly. Another explanation is that the banded gneiss pre- 
viously was comparatively homogeneous and that it got its present 
features through an intense transformation. 

Another profile from the same outcrop has also been examined. It 
was taken from the banded gneiss about half a metre from the first 
profile, just outside the photograph, Fig. 1. The diagram obtained 
from the planimetric analyses is given in Fig. 4. The length of the 
profile is 86 mm and one line has been measured per each millimetre. 
The profile has been chosen so as to cut a light-coloured layer (V) sur- 
rounded by rims of dark-coloured minerals (U and X). 

The curves obtained are very similar to those of the first. profile. 
There are no special trends of the curve of quartz at the site of the 
light-coloured layer. This layer is characterized by a very high enrich- 
mit of potash feldspar and absence of biotite and epidote. At the 
rims there is a very high enrichment of both biotite and epidote and 
an accompanying decrease in the contents of the other minerals. The 
high peaks of potash feldspar are to a certain degree compensated for 
by low values of plagioclase. 

The profile has been divided into 5 sections and the mean values of 
each section have been calculated. The diagram thus obtained is given 
in Fig. 5. The rims of biotite and epidote have been transferred into 
the centre of the light-coloured layer and these new areas of the dia- 
gram have been marked with hatching. It is evident also from these 
curves that the biotite and the epidote, which are now enriched in 
rims around the light-coloured layer, may have been driven out from 
the site of this light-coloured layer. This may have taken place simul- 
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Fig. 5. Mean values of planimetric analyses of profile No. 2. 


taneously with an entrance of potash feldspar, a mineral now highly 
enriched in the light-coloured layer. 

All data given above point to the potash feldspar having taken an 
active part in the development of the present banded gneiss. The 
high peaks of potash feldspar have also been demonstrated to be com- 
pensated for, to a certain degree, by low values of plagioclase. It is 
therefore of interest to examine the mutual relations between these 
two minerals in the microscopic slides. 

A typical view of the first profile, section C, is given in the micro- 
photograph, Fig. 6. Large microclines predominate. They are pertitic, 
belonging to the string type, and they have inclusions of both plagio- 
clase and quartz. The plagioclases (An = 15 %) are twinned according 
to the Albite law and are somewhat altered while the microclines are 
quite unaltered. Almost everywhere at the contact between plagioclase 
and microcline a border of myrmekite has developed. This border is 
never found at the contact between plagioclase and quartz. The plagio- 
clases have inclusions of quartz and sometimes irregular inclusions of 
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Fig. 6. Microphotograph of a light-coloured band of the veined gneisses (section C, 
profile No. 1). + Nicols, enlargement 25 x. — Cf. Fig. 2. 


microcline. These last-mentioned inclusions are penetrating and are 
always quite unaltered unlike the surrounding plagioclase. — The 
myrmekite consists of albitic plagioclase with channels of quartz. The 
quartz channels are orientated perpendicular to the contact between 
plagioclase and microcline. A microphotograph of a typical myrmekite 
is given in Fig. 7. 

It is evident that this myrmekite has developed as a result of reac- 
tions taking place between plagioclase and microcline; myrmekite is, 
however, described both as a result of albitization of potash feldspar 
(J. J. SeDERHOLM, 1916, p. 134) and as a K-feldspatization of pre- 
existing plagioclases (N. Epetman, 1949, p. 77; P. Liaunceren, 1954, 
p. 76). Thus an occurrence like this is not conclusive as to the origin 
of the minerals or the rocks in question without further data. How- 
ever, J. Serrsaarr (1951, p. 94) has described myrmekite very similar 
to that of these banded gneisses, and considers it to have developed 
during the replacement of plagioclase by microcline. 

A careful examination of the curves of the diagram in Fig. 2 reveals 
the high peaks of microcline to be nearly always somewhat compensated 
for by corresponding low values of plagioclase, quite contrary to the 
curve of quartz. This fact, too, speaks in favour of the opinion that 
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Fig. 7. Microphotograph of myrmekite in a light-coloured layer of the banded gneisses 
(section C, profile No. 1). + Nicols, enlargement 25 xX. 


reactions have taken place between plagioclase and microcline. An 
examination of the second profile, Fig. 4, shows the same. 

All the features dealt with above point to a mobility within the ordi- 
nary banded gneiss of the potash feldspar but not of the plagioclase or 
the quartz. It is possible, as was previously mentioned, that the gneiss 
was originally homogeneous, and that the potash feldspar was brought 
into the rock along certain planes. This invasion of potash feldspar 
resulted in a development of dark-coloured rims of biotite and epidote 
— an enrichment of these two minerals into thin layers of high per- 
centages — that is to say, a metamorphic differentiation. But this 
invasion of potash feldspar should be considered, not as an invasion of 
complete potash feldspars or feldspar solutions, but as a K-feldspatiza- 
tion of pre-existing plagioclases, a potash metasomatism (cf. C. E. 
Weemann, 1935; P. Esxona, 1955, p. 127; A. Noz-NyGaarp and A. 
BERTHELSEN, 1952, p. 263). Otherwise a development of such dark- 
coloured rims could not occur. Such a potash metasomatism of some 
layers of the gneiss must have meant an intense activation of these 
layers, since a comparatively large part of the plagioclases was trans- 
formed into microcline. During this active stage biotites and epidotes 
were pushed aside and enriched along the borders of the zones of potash 
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metasomatism. The possibility of compensating these rims towards 
the central parts of the light-coloured layers, as demonstrated in Figs 
3 and 5, speaks in favour of this opinion. 
There is still another possibility of development of these banded 
gneisses. It is evident that neither biotite and epidote nor quartz nor 
plagioclase are responsible for the development of the present banded 
gneisses, they have been passive during these transformations. The 
potash feldspar is either a result of potash metasomatism or it is derived 
from the rock itself, through a transfer within the rock into certain 
dilation faces. This process would mean a soaking of the potash feld- 
spar into the dilation faces; the question will then arise why there are 
no veins consisting almost entirely of potash feldspar. If the potash 
feldspar had been soaked into some places in this way it would be diffi- 
cult to explain why the curve of quartz is quite independant of the 
changes between light-coloured and dark-coloured layers when com- 
pared with the curve of plagioclase. Such a transfer of potash feldspar 
into the present light-coloured layers would have caused a consider- 
able widening at the site of these layers. Such a widening, however, is 
made improbable by the possibility of compensating the dark-coloured 
rims into the light-coloured layers, and also through the smooth curve 
of quartz. — Thus a potash metasomatism leading to a K-feldspatization 
of pre-existing plagioclases explains the present features of the banded 
gneisses much better than a transfer of potash feldspar within the rock. 
It is evident from the photograph, Fig. 1, that in some places the 
potash metasomatism was a gentle process, forming light-coloured 
layers surrounded by dark rims, and with the different layers parallel 
to each other. In other places, however, the activating power of the 
potash metasomatism was somewhat greater, causing a partial mobiliza- 
tion of the whole rock (cf. 8S. Gavettn, 1953, p. 47). Such a mobilization, 
however, does not mean that the rock necessarily was in a more or 
less molten stage. This process is to be considered as successive resolu- 
tions and recrystallizations of the crystals, a movement from sites of 
higher pressure to sites of lower pressure, taking place in the presence 
of aqueous solutions at temperatures below the melting points of the 
participating minerals (cf. P. LrunaGREN, 1954, pp. 36—39). In places 
where the mobility of the minerals was great enough, a complete de- 
struction of the texture of the banded gneiss took place. Two different 
kinds of this mobilized rock are to be seen in the photograph, Fig. 1. 
In the uppermost part of this figure, there are two or three narrow veins 
of this quartz-feldspar mixture, surrounded by dark-coloured rims. 
These quartz-feldspar bands are mostly dominated by potash feldspar 
unlike the dark-coloured parts of the banded gneiss in which plagio- 
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clase is the predominating feldspar. The entrance of the potash feld- 
spar into these bands evidently caused a partial mobilization (in the 
sense mentioned above). However, the dark-coloured rims have partly 
disappeared and the middle quartz-feldspar band has grown much 
wider in the right-hand part of these bands, within the site of profile 
No. 1. The same has occurred, but on a much larger scale, in the central 
part of Fig. 1. Here the mobilization has also affected the dark-coloured 
parts of the gneiss changing this rock into rocks of granitic texture, 
either microcline-dominated or plagioclase-dominated. The dark- 
coloured minerals of the original gneiss have been enriched into spots 
or fragmental bands (cf. the central part of Fig. 1). The light-coloured 
veins in the uppermost part of Fig. 1 have not affected the texture of 
the surrounding dark-coloured gneisses — the formation of potash feld- 
spar along certain planes only changed the mineralogical composition 
of the immediate surrounding of these planes. The light-coloured 
components of the rock in the central part of Fig. 1 were in a more 
active state, however, and surrounding parts of the dark-coloured, 
inactive gneiss were folded or even cut off. It can be seen on the photo- 
graph that these parts of the dark-coloured gneisses are richer in dark 
constituents than the ordinary ones, pointing to a metamorphic differ- 
entiation of dark-coloured and light-coloured constituents. 

The biotite is the ordinary dark mineral in the banded gneiss of the 
kind dealt with above, but in some places this role is overtaken by 
hornblende. This is the case at a place about one metre from profile 
No. 1 where hornblende is found together with quartz and feldspars. 
This rock is similar to the quartz-feldspar rock seen in the central part 
of the photograph in Fig. 1, but it is different through the absence of 
biotite and the presence of hornblende. The general appearance of the 
hornblende-bearing gneiss in the vicinity of this outcrop suggests an 
origin through some kind of metamorphic recrystallization. — In rocks 
which have suffered progressive metamorphism, hornblende has often 
developed from pre-existing biotites or chlorites. A necessity at the 
formation of hornblende from biotite in this way is a sufficient supply 
of sodium. It is possible that the hornblende in these varieties of the 
banded gneiss has arisen from biotites in connection with a supply 
of sodium. It was concluded above that a potash metasomatism has 
taken place in the gneisses, transforming pre-existing plagioclases into 
microcline. At such a transformation sodium is liberated, and this 
sodium is either consumed within the rock system or removed out of 
the rock system. The sodium liberated at the potash metasomatism of 
the present banded gneiss may partly have been consumed at a forma- 
tion of hornblende from biotite in certain parts of the gneisses. How- 
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ever, the potash metasomatism affected all parts of the present banded 
gneisses, thus liberating sodium everywhere within the rock system, 
while hornblende was only formed within limited areas. This means 
that the pt-conditions were not homogeneous within the gneisses, a 
fact that can be observed in most of the outcrops of these banded gneis- 
ses. It is possible that the areas of hornblende-bearing oneiss represent 
areas of slightly higher and somewhat different metamorphic conditions 
than those of the biotite-bearing gneisses. These hornblende-bearing 
gneisses are often found as limited bands or streaks, possible to follow 
over long stretches, which indicates that the hornblende has arisen 
either as a result of tectonical movements different from those of the 
ordinary banded gneisses, or through a somewhat different pre-meta- 
morphic mineralogical composition. 

The potash metasomatism of the gneisses has in some places resulted 
in a development of microcline porphyroblasts, often with a grain-size 
exceeding 10 mm. These porphyroblast-bearing gneisses are sometimes 
situated only a few decimetres, or even centimetres, from the ordinary 
banded gneiss dealt with above. It often looks as if the initial material 
of these two rocks were the same, a gneiss dominated by plagioclase 
and having a considerable percentage of biotite. It was mentioned 
above, when discussing the uneven distribution of hornblende within 
the gneisses, that the pt-conditions might have been somewhat different 
in different parts of the gneisses. E. RaGuIN states (1950, p. 268), that 
ml est possible que les facteurs dynamiques jouent un réle important 
dans la granitisation en général». This is in good agreement with the 
distribution of microcline porphyroblasts within the gneisses, especially 
when the differing p-conditions are considered. The strike of the banded 
gneisses is about north—south, indicating that a dilation in eastern— 
western direction, affecting the mother-rock of the present banded 
gneisses, might have opened the rocks along planes of a northern— 
southern direction to solutions which could transform the pre-existing 
rocks into the banded gneisses. These solutions affected the rocks in 
two essentially different ways. It is probable that a gneissic texture 
was prevailing also before the potash metasomatism, and this paral- 
lelism must have been a necessity for the development of the banded 
gneisses. The first kind of transformation was another gentle process 
which took place along the schistose planes of the rocks, changing 
plagioclases into microcline; at the same time the rims of the dark- 
coloured minerals were formed along the borders of these zones. This 
kind of transformation is shown in profile No. 1, at C and I. The second 
kind of transformation was a continuation of the first, but was less 
gentle. During the first process or the first phase, no mobilization of 
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the transformed minerals took place except the removal of biotite and 
epidote from the central parts of the zones. During the second phase, 
however, both feldspars and quartz were mobilized (in the sense men- 
tioned above) and the texture of the original rock was quite destroyed. 
This kind of transformation is demonstrated at P in profile No. 1. The 
main difference between these two kinds of transformations is to be 
found in the p-conditions. In the first case there was a tendency of 
dilation, a tendency of opening the rocks along planes of schistosity. 
With the prevailing strike of the rocks this meant an eastern—western 
direction of the dilation power. The development of these light-coloured 
layers surrounded by dark-coloured- rims did not mean any widening 
of small joints but a transformation of the original plagioclase-biotite- 
rich rock into microcline-rich rock, starting from the schistosity planes 
and advancing perpendicular to these planes. This process is similar 
to what is described by H. RampBere as replacement or nondilation 
pegmatites (1952, pp. 248—255). RamBere also mentions the basic 
rims along the borders between the veins and the country gneiss. 

The other kind of light-coloured veins or bodies, which have got 
their present textural features through a partial mobilization, have 
arisen under p-conditions different from those of the first kind or first 
phase. The orientation of the veins of the second type is also mostly 
strictly parallel to the schistosity of the gneisses, but in addition to 
these veins there are irregular bodies, as seen in the central part of 
the photograph, Fig. 1. 

It is probable that the metasomatic transformations started with a 
development of veins of the first kind, taking place during the first 
phase of the dilation. During this embryonal phase no widening along 
the schistose planes took place, and the result was a metasomatic 
replacement of some layers of the original gneissic rock, without 
any mobilization of the light-coloured components. During the 
second phase of the dilation, which followed in direct continuation of 
the first phase, there was a stronger tendency to open the schistose 
planes, and those parts of the gneiss which were transformed by the 
potash metasomatism became partly mobilized. However, the original 
rocks were not homogeneous and the dilation in connection with an 
intense potash metasomatism resulted partly in a formation of veins 
parallel to the schistosity of the rocks and partly in a formation of 
irregular bodies. The partial mobility of these irregular bodies in con- 
nection with the dilational movements caused a folding and a disrup- 
tion of surrounding gneisses metasomatically not changed or mobilized 
(cf. the central part of the photograph, Fig. 1). 

Some of the layers of the banded gneisses contain microcline por- 
phyroblasts, as mentioned above. The development of these porphyro- 
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blasts was probably connected with the potash metasomatism forming 
the light-coloured bands and irregular bodies in the present banded 
gneisses. The cause of these two different results of the potash meta- 
somatism might be different behaviour at the dilational movements. 
It is possible that the transforming solutions in some varieties of the 
gneisses did not follow special planes, transforming surrounding parts 
of the rocks, but that they followed the intergranular space, giving 
rise to a porphyroblastic growth of microcline. This would mean that 
the porphyroblast-bearing rocks of a more or less gneissic texture were 
not affected by the dilational movements in the same degree as those 
parts in which the banded gneisses were formed. It is probable that 
very small differences in p-conditions might be decisive at a formation 
of metasomatic rocks of these kinds. The appearance of two kinds of 
metasomatically transformed rocks, as demonstrated in the two layers 
of C and P (Fig. 2), shows that the dilational movements in some 
areas of the banded gneisses were comparatively small, something 
which is in favour of this opinion. 

Three different results of the potash metasomatism within the com- 
plex of banded gneisses have been dealt with above. There is, however, 
at least one additional type, namely cross-cutting veins and dykes of 
pegmatitic composition. Some of these pegmatitic dykes may belong 
to a later geological cycle than that of the banded gneisses, but many 
of them evidently belong to the same phase during which the banded 
gneisses were formed. The potash metasomatism started with the 
formation of light-coloured veins of the type represented by C and I 
in section No. 1, Fig. 2. During the more active phase of the potash 
metasomatism a partial mobilization took place, represented by P in 
the same section. The dilational movements in an eastern—western 
direction reached their maximum during this phase. After the decline 
of these movements, the mobility of feldspars and quartz slowly de- 
creased. The rock complex became more rigid, but the feldspars and 
the quartz still possessed a certain degree of mobility when joints were 
opened in a direction more or less perpendicular to the strike of the 
gneisses. The feldspars and the quartz were now soaked from the 
quartz-feldspar layers of the banded gneiss into the widening joints 
of low pressure, forming pegmatites (the dilation or secretion pegmatites 
of RamBERG, 1952, p. 252, 1956). These cross-cutting pegmatites are 
thus metasomatically formed, and they have arisen during the declinal 
phase of the potash metasomatism. Py fed 

It is not possible from the results obtained in this examination to 
reach any definite conclusion as to the origin of the rocks which were 
transformed into the banded gneiss at the potash metasomatism. P. H. 
Lunpecirpu, who has recently studied these problems (1951, 1953 a, 
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1953 b), considers the mother-rocks of the banded gneisses to be of 
supra-crustal origin, consisting both of acid, intermediate, and basic 
layers (1951, p. 187). The action of the potash metasomatism indicates 
that the rocks prior to this process were rich in plagioclase and that 
they had a lower percentage of potash feldspar than the present rocks. 
The nature of these rocks, rich in plagioclase, is a delicate question. 
LUNDEGARDH’s conclusion that the banded gneisses have originated 
from supra-crustal rocks of different nature is surely correct. However, 
the predominance of plagioclase in rocks of an eventually sedimentary 
origin is not likely. This means that if parts of the banded gneisses 
originate from sedimentary rocks, these rocks have probably suffered 
an albitization during an epoch prior to the potash metasomatism. 
Such a sequence of events is comparatively common in connection with 
regional metamorphisms) cf. P. LauneGReN, 1954; P. Bearru, 1948, 
1952; H.-R. v. GaERTNER, 1951; T. Kroxstrém, 1946; H. RamBere, 
1952, p. 206). 

To the east of the banded gneisses a porphyritic granite takes up a 
large area, viz. the Askim granite (cf. LUNDEGARDH, 1951 and 1953 b). 
In some parts of the banded gneisses a gneissic or partly granitic variety 
occurs, which has large porphyroblasts of microcline, as mentioned 
above. The Askim granite is in part very similar to this porphyritic 
rock. The matrix of the Askim granite consists of plagioclase (oligo- 
clase), quartz, and biotite, whereas the potash feldspar is concentrated 
to the microcline eyes (LUNDEGARDH, 1953 b, pp. 42—43). This is just 
what could be expected as a result of potash metasomatism under the 
conditions mentioned above. The site of the Askim granite quite close 
to the banded gneisses, which have arisen through an intense potash 
metasomatism, indicates that this rock had but small possibilities to 
remain unaffected by this large-scale transformation. A fact that 
further supports this opinion is that the Askim granite is considered 
to be of late Gothian age, i.e. from the same epoch as the formation 
of the banded gneisses (LUNDEGARDH, 1953 b, pp. 42, 48). With regard 
to the Askim granite, LUNDEGARDH mentions (1951, pp. 181—182) 
that the minerals of the matrix are often crushed along planes of schis- 
tosity, whereas the eyes of microcline are most often quite unaffected. 
In most cases these zones of distintegrated minerals, slide-zones, curve 
around the large, unbroken microclines, indicating that the microclines 
are not prekinematic. Some of the large microclines have been broken 
by the crush-planes, however, which places the development of the 
microcline porphyroblasts at the decline of the tectonization (cf. 8. 
GAVELIN, 1953, p. 47; P. Launagren, 1954, pp. 50—53, 64—66, 84— 
86; H. Rampere, 1952, p. 121; F. J. Turner and J. Vernoocen, 1951, 
p. 288). This explanation brings the Askim granite in closer relation 
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to the banded gneisses and to the porphyroblastic varieties of these 
rocks, a relationship often drawn attention to in the literature of feldspar 
porphyroblasts (cf. T. C. Bagcour 1952, p. 85; T. F. W. Baru, 1947; E. 
SPENCER, 1938, pp. 111—114). Both these rocks would then have suf- 
fered a late formation of potash feldspar, and the formation of crush- 
planes would belong to an earlier phase not directly to be recognized 
in the banded gneisses. A formation of plagioclase in the banded gneiss, 
as mentioned above, must then have taken place prior to the tectoniza- 
tion forming the crush-planes (cf. P. Lsunecren, 1954, pp. 64—66). 

The occurrence of epidote in the dark rims has not yet been dis- 
cussed. It is evident on an examination of profiles Nos 1 and 2 that 
the epidote has behaved exactly in the same way as the biotite on the 
formation of the rims. Both minerals have been forced out of the 
present light-coloured layers and enriched into rims bordering these 
layers. This means that the epidote is no late mineral; it existed already 
at the time of the potash metasomatism. LUNDEGARDH (1953 b, pp. 28 
and 38) considers the epidote to have been formed simultaneously with 
the final Gothian migmatization. The data mentioned above, however, 
point to a development prior to the potash metasomatism (thus prior 
to the migmatization), and it is probable that there is a close con- 
nection between the tectonization which led to the development of 
the. crush-planes mentioned above and the development of the epidote. 
However, there have also occurred locally developed epidotizations 
within the banded gneisses, caused by later tectonical movements. 

The tectonization resulting in the development of the micro-slide- 
zones mentioned by LunDEGARDH (1951, pp. 181—182), seems to have 
affected many different rocks to the south of Gothenburg and probably 
represents a regional tectonization which took place before the potash 
metasomatism. It seems as if an intense tectonization were a common 
prerequisite of later potash metasomatism or microclinization (cf. P. 
LsunaerEN, 1954, pp. 64—66, 100—101). 

‘Such regional tectonizations are often formed in granitic and gneissic 
areas and it is possible that these movements are connected with the 
middle phase of the development of geosynclines (cf. A BERTHELSEN, 
1953, p. 407). Often these tectonizations are preceeded by regional 
albitizations (cf. P. Brartu, 1948, 1952), mostly affecting the sedi- 
mentary rocks. It is probable that this albitization takes place during 
a comparatively early phase of the geosynclinal development, and that 
in some cases it is followed by a regional tectonization of the kind dis- 
cussed above. The regional potash metasomatism often following these 
earlier transformations probably represents the most active phase 
during the development ‘of the geosyncline, and it surely takes place 
on comparatively deep levels. This does not mean, however, that the 
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potash metasomatism is bound to the roots of the geosynclines, A. 
Nor-NyGaarp and A. BERTHELSEN assume (1952, p. 263) »a large scale 
metasomatism within the orogene, whereby the deepest parts (granulite- 
facies) become degranitized, while somewhat higher levels at the same 
time undergo granitization (amphibolite to epidote-amphibolite facies)». 
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Studier éver skarnbildningen i Grythyttefiltet 


Av 
RupyarpD FRIETSCH 


Abstract: Different skarn mineral associations from mines and exploratory works in 
the Grythytte field, Sweden, are examined from a mineralogical point of view. The rela- 
tions between the ore forming and skarn-forming process are discussed, and the minera- 
logical and chemical changes that took place during the skarn forming process are out- 
lined. (English summary on p. 158.) 


Inledning 


Grythyttefaltets petrografi och stratigrafi har ingaende behandlats 
av Sunpius (1922) samt av GersER och Maanusson (1944). Omradet 
har haft avgérande betydelse for tolkningen av mellansvenska geolo- 
giska forhallanden. I Grythyttefaltet finner man bergarter och malmer 
battre bevarade 4n nagon annanstddes 1 Mellan-Sverige. Den bild man 
har far av bildningsbetingelserna dr klarare an 1 de omgivande mera 
metamorfoserade omradena. Avsikten med foéreliggande undersdkning 
ar att gora en utredning av bildningsbetingelserna for skarnmineralen 
som atfélja de inom omradet beligna jarnmalmerna. 

Ett mera sammanfattande arbete rérande de mellansvenska jarn- 
malmernas skarn, behandlade ur kemisk-mineralogisk synpunkt, saknas 
tillsvidare. I de undersékningar som publicerats rorande malmfalt och 
gruvor har ifraga om skarnmineralen tyvarr icke alltid kemiska ana- 
lyser kombinerats med fullstandiga optiska undersdkningar. Ett arbete 
i vilket huvudvikten lagts vid kemiskt-paragenetiska fragor, ar Linp- 
ROTHS undersdkning (1920) rérande granatens sammansittning i de 
mellansvenska jérnmalmsfyndigheterna. 

Syftemalet med féreliggande arbete har varit att genom en under- 
sdkning av skarnmineralens optiska data kompletterad med kemiska 
och spektrografiska analyser belysa variationerna i olika skarnmineral- 
associationer samt att ur vunna resultat om mojligt finna utgangs- 
punkter for tolkningen av malmernas genesis. 

Valet av Grythyttefaltets skarnbildningar har foranletts darav att 
metamorfosgraden darstédes ar lig. Dessutom ar detta omrade lamp- 
ligt dérigenom att senare metasomatiska processer (magnesiameta- 


somatos) spela en relativt ringa roll. 
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Fig. 1. Karta utvisande liget av de undersikta fyndigheterna i Grythyttefiiltet. 
Map showing the situation of the investigated deposits in the Grythytte field. 


Fér spridning godkiind i rikets allminna kartverk den 11 februari 1957. 
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Alla fyndorter fér det undersékta materialet aro belagna inom det 
egentliga Grythyttefiltet, deras lige askadliggéres i fig. 1. De flesta 
fyndorter dro gruvor och skirpningar som sakna ekonomiskt intresse. 
Materialet for denna undersédkning insamlades under varen 1951, da 
Stockholms Hégskolas Mineralogiska Institut gjorde en exkursion till 
Grythyttefaltet, samt under hésten 1951, da férfattaren gjorde ett 
kortare besék i omradet. Allt material ar samlat i varphégar, men stor 
omsorg har nedlagts pa att fa det sd representativt som mojligt for 
fyndorten. Olagenheten med att endast varphégar funnits att tillga 
ar uppenbar, nagon preciserad bild av de undersdkta provernas inbér- 
des faltrelationer kan givetvis inte erhallas. 

Den laga metamorfosgraden inom Grythyttefaltet medfor 4 andra 
sidan vissa komplikationer nar det giller bearbetningen av materialet. 
Da de undersékta mineralen tagits ur skarnassociationer i hialleflinta, 
ar deras kornstorlek ytterst ringa. Endast i nagot enstaka fall har grov- 
plockning av materialet kunnat ske. Arbetsgangen vid undersékningen 
har varit féljande: provet nedkrossades och siktades, varvid en frak- 
tion med en kornstorlek omkring 0.15 mm utvaldes. Det visade sig 
ndmligen da, att nagot sa naér monomineraliska faser erhdlls. Med 
magnet borttogs darefter eventuellt férekommande magnetit, fore- 
liggande karbonat utléstes med utspadd saltsyra, samtidigt bort- 
slammades kvarvarande finare korn. Darpa utfdrdes sjilva mineral- 
separeringen med tillhjalp av tunga vatskor (bromoform, Clericis 
lésning). I en del fall gjordes ytterligare en magnetisk separering, dels 
for att vidare skilja mineralen, dels for att avligsna eventuellt reste- 
rande haimatit. 

Arbetet har huvudsakligen inriktats pa optiska bestaémningar av olika 
mineral. Da emellertid optiska undersékningar i de flesta fall endast 
ge en approximativ bild av sammansittningen och da vissa kemiska 
variationer icke alls kunna belysas med sadana metoder, har under- 
sdkningen kompletterats med kemiska och spektrokemiska analyser. 

De optiska egenskaper som bestémts dro ljusbrytning, axelvinkel 
och utslickningsvinkel. Ljusbrytningsbestimningarna ha utférts med 
tillhjilp av immersionsvatskor. Da mitningar pa orienterade mineral- 
korn ej kunnat utféras, ha i de fall, dir mineralet uppvisar spaltbarhet, 
endast ndrmevarden for ljusbrytningen erhallits, dessa betecknas y’ 
och a’. I de fall dar den ur y’ och a’ erhallna dubbelbrytningen avsevart 
dverstiger i litteraturen angivna virden, maste man antaga att sam- 
mansattningen hos mineralet i fraga vaxlat inom ett och samma prov. 
Detta visar sig aven vara fallet betraffande ljusbrytningen hos de 
undersékta granaterna. De angivna vardena aterge da den mest repre- 
senterade ljusbrytningen. Dé négon zonering i de undersékta mine- 
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ralen inte har upptackts, maste de funna variationerna bero pa att 
mineralens sammansattning inom ett och samma prov vaxlat nagot. 

Axelvinkelbestimningarna ha i de flesta fall utférts pa mineral 1 
slipprov, i en del fall ha dock mineralpulver inbaddats i Canadabalsam, 
och bestiémningarna ha pa vanligt saétt utforts pa universalbord. I de 
fall dir kornstorleken i slipproven varit allt for ringa for att mojliggora 
en bestamning med universalbord, ha axelvinkelbestaémningarna utforts 
konoskopiskt enligt en metod angiven i Burrr (1950). Vid samtliga 
bestémningar har Na-ljus anvants. 

For granat har celldimensionen och ljusbrytningen bestamts. De 
flesta kantlangdsmatningarna afro gjorda med cylinderkamera, nagra 
fa med fokuseringskamera. I samtliga fall har Cr-stralning anvants. 

For komplettering och verifiering av den pa optisk vag erhallna upp- 
fattningen av sammansittningen, ha mineralprover dels undersékts pa 
spektralanalytisk vag i Sveriges geologiska underséknings geokemiska 
laboratorium, dels har i samma laboratorium partiell kemisk analys 
utforts pa 6 prover. Proverna kunde i en del fall icke helt befrias fran 
féroreningar, men dar sadana forekomma, déverstiger halten av fram- 
mande mineral ej 5 %. Kvarts ar den vanligaste fororeningen, 1 mindre 
utstrackning férekomma pyrit och himatit. 


Jag vill har begagna tillfallet att framfora mitt varma tack till Pro- 
fessor Sven Gavelin for den hjalp han lamnat mig under bearbetningen 
av det insamlade materialet samt for hans beredvillighet att diskutera 
och granska arbetsresultaten. Till Professor Otto Mellis star jag i tack- 
samhetsskuld for allt det valvilliga bistand han lamnat mig, icke minst 
ifraga om tilliimpningen av optiska bestiémningsmetoder. 


Karakteristik av undersékta jirnmalmstyper 


Sunpius (1922) indelar Grythyttefaltets malmer i skiktade blod- 
stensmalmer, manganfattiga skarn-kalk-svartmalmer och manganrika 
kalk-skarn-svartmalmer. Denna indelning innebir emellertid en viss 
generalisering, i sjalva verket finnas é6vergangar mellan dessa tre typer. 
For att askadliggéra de olika satt, pai vilka malmen upptrader i de 
undersékta proverna, dro de i fig. 1 markerade gruvorna sammanstallda 
i nedanstaende tabell. Fyndorterna aro grupperade i enlighet med 
Sundius indelning med en viss ytterligare uppdelning i underavdel- 
ningar. 
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Tabell I 


Skiktade blodstensmalmer: 


kalkforande, jaspilitartad malm: Grétbicksgruvan, Hopakarrsgruvan, Herrgards- 
hagsgruvan, Sarvtjirnsgruvan, Saxengruvan, Hammarangsgruvan och Bottenbo- 
gruvan. 

b) kalk-blodstens-malm: N. Klampasgruvan. 

c) malmsubstans i halleflinta: Sax4 Mossgruvan, Laxtjarnsgruvan och N. Trolltjarns- 
gruvan. 


a 


~— 


Manganfattiga skarnmalmer: 


malm i lager av omvaxlande hiileflinta och kalksten: Finnbergsgruvan. 
malm och skarn, mindre skiktartade, rikligare med skarn: Jarnasgruvan, St. Sirsjo- 
bergsgruvan och ©. Hégbornsgruvan. 


os 


Manganrika kalk-skarnmalmer: 


a) manganrik magnetitmalm: 0. Silvergruvan. 
b) relativt manganfattig malm: Kextjarnsgruvan. 


Som ovan namndes dr det ofta raétt problematiskt till vilken grupp en 
gruva skall foras. T. ex. kan malmen i Bottenbogruvan knappast mera 
betraktas som jaspilitartad, da sa gott som all malm foreligger som 
magnetit. Emellertid tyda de rester av haimatit som 4nnu finnas och 
den lagring som existerar 1 malmen pa att gruvan i fraga ar att rakna 
till de skiktade malmerna. 

Betraffande Jarnasgruvan, sa finns det ingenting 1 skarnassociatio- 
nen, som tyder pa att den skulle kunna hanforas till de manganrika 
fyndigheterna. Anledningen till att fyndigheten av Sundius placerats 
i denna grupp, ar foranledd av den hoga halten av mangan (4.64 % 
MnO) i en av honom (1922) publicerad malmanalys. Macnusson (1944) 
papekar att skarnmassan likval inte haller nagra speciella mangan- 
mineral, utan att skarnet som féljer malmen 1 Jérnasgruvan ar av sam- 
ma karaktér som i de manganfattiga fyndigheterna. MnO-halten ar 
enligt Magnusson fordelad i skarnmineralen och i den karbonatmassa, 
som ingér i malmen. Fér att kontrollera detta antagande utfordes 
bestimningar av manganhalten i de mineral som karakterisera pro- 
verna fran Jarnasgruvan, namligen kalcit, epidot, andradit och diopsid, 


vilka resultat redovisas nedan. 


% MnO 
i baxinye G7 Sea git 0 een seein cinias Sue oreo ann raceme mOOOe. 1.54 
Prov 64. A karbottat.. 2.05000 cccscecceercsscosrcansesie 0.43 
Prov 54 B epidot + diopsid .....-..+ssseeeeee ee eeeeene 0.84 


Analyserna visa si liga manganhalter att de pa intet sétt kunna for- 
_klara den héga MnO-halten i den av Sundius publicerade malmanalysen. 
Likas& visa analyserna att inga speciella manganmineral foreligga, ett 
forhallande som bekraftats av de optiska bestdémningarna. Pa dessa 
grunder har férfattaren raiknat det fran Jarnasgruvan undersékta 
materialet tillhéra de manganfattiga skarnmalmerna. 
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Huvudsakliga bestandsdelar i skarnassociationerna aro foljande 
mineral: kalcit, kvarts, biotit, epidot, andradit, tremolit-aktinolit, 
hornblande och diopsid. Detta giller for saval de sedimentaéra malmerna 
som for de manganfattiga skarnmalmerna. Mindre vasentliga mineral 
aro albit, klorit och muskovit. Baryt forekommer i en fyndighet i ratt 
stora kvantiteter. Turmalin, zirkon och apatit upptrada accessoriskt. 

For de manganrika malmerna dro féljande mineral karakteristiska 
for skarnen: spessartin, griinerit, Mn-forande olivin och biotit. 

Sunprus (1922) har i samband med beskrivningen av malmerna givit 
en utforlig redogorelse for skarnmineralens forekomstsitt, deras habitus 
m. m., vilket silunda ej behéver upprepas. Den foljande beskrivningen 
behandlar skarnen fran kemisk-mineralogisk syopunkt. 

Kalcit forekommer i alla prov och utgér i en del prov vid sidan av 
jarnmalm det dominerande mineralet. 

Kvarts ar allmant forekommande, ofta i halleflintkomponenten. I 
samband med regionalmetamorfosen har mobilisering och rekristalli- 
sering av kvartsen aigt rum, sa att den upptrader 1 grovkornigare aggre- 
gat med en kornstorlek upp till 1 mm. I de fall dar jaspilitmalmer fore- 
legat har grovkornigare kvarts uppkommit genom att jarnet utren- 
sats, varvid kvartsen har omkristalliserat och dess fairg andrats fran 
gra till vit. Kornfogarna dro i regel mycket oregelbundna och taggiga. 

Ett intressant fenomen kommer till synes 1 ett slipprov fran Troll- 
tjarnsgruvan. Har forekommer kvarts med lika oregelbundna korn- 
granser som Overallt annorstiides, men kvartsens tidigare kristallform 
har blivit skonjbar genom att finkornig pyrit avspeglar de tidigare 
kvartskristallernas utseende. I slpprov framtréda in hexagonala 
basalsnitt, an snitt med prisma- och romboederytor (fig. 2). Basal- 
snitten aro saéllan regelbundna eller liksidiga, flera an 3—4 ytor kan i 
regel icke observeras. Nagon enstaka gang ha ett flertal kristaller med 
prismaytor vuxit ihop, sa att en sagbladstandad textur uppkommit. 
Basalsnitten uppvisa ingen eller endast svag anisotropi, snitten skurna 
parallellt med c-axeln ha parallell utslickning. Texturen visar att den 
ursprungliga kvartsen bildats i drusrum. Pa kvartskristallerna har 
sedan pyrit utfallts. I samband med den metamorfos som hilleflin- 
torna utsattes for, skedde en omkristallisering och pabyggnad av 
kvartsen, och de ursprungliga kristallytorna angivas av pyriten. 

Biotit ar allmant forekommande. Den uppvisar ett ganska enahanda 
utseende. Fargen i det kraftigaste absorptionslaget ar lusgron till 
ljust brungrén, nagon enstaka gang ar den mérkgrén. Mineralet upp- 
trader i regel i nagot avrundade och korroderade fjall, kornstorleken 


c-axeln. Trolltjarnsgruvan. Genomfallande ljus. x 140. 
Hornblende-skarn with interstitial quartz. Fine-grained aggregates of pyrite show the primary 
habitus of the quartz. Ord. light. x 140. 


ar 0.15—0.3 mm, i ett fall observerades fjall upp till 0.5 mm. Ljusbryt- 
ningsbestémningar ha inte genomgaende utforts, men i de fall dar ljus- 
brytningen matts, dr y’ = 1.59—1.61 och a’ = 1.56—1.57. Detta 
tyder enligt Winchell (1951) pa en biotit, huvudsakligen sammansatt 
av eastonit-siderofyllit med en kraftig forskjutning mot forstniémnda 
komponent, alltsa en Mg-rik biotit. 

Granat forekommer i form av oregelbundna bandformiga massor, 
uppsprackta av Adror, vanligen fyllda med kalcit. I nagra fall ha idio- 
morfa granater iakttagits. Nagon gang kan rombdodekaederytor upp- 
tackas. Kornstorleken ar ganska varierande, vanligtvis haller den sig 
omkring 0.5 mm. Upp till 4—5 mm stora individ ha nagon enstaka 
gang iakttagits. For granat har saval ljusbrytning som cellkonstant 
bestiimts. Vardena Aterges i tabell II. Har angives aven fargen i slipprov 
samt om granaten 4r isotrop eller ej. Nagot samband mellan aniso- 
tropi och sammansattning adr inte pataglig. Den atergivna kemiska 
sammansattningen har uppskattats enbart med tillhjalp av ovan- 
nimnda fysikaliska variabler ur ett av forfattaren framstallt diagram 
(FrietscH 1957). Av tabellen framgar att kalciumgranaterna utgoras 
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Tabell IL 
“ re Sammansattning 

Pe arg islip-| = | 6 a ur noch a 
: Feeder: s x eriche tai g FE beraknad ur 0 
ie 1 <1 [An | Gr |All | Sp | Py 
53 | Jarnasgruvan ..... 1.877 | 12.03 | svagt grén | + 96 | 0 1 OF 
47 | St. Sirsjébergsgru- 

VIG og heave tare: ot telat 1.881 | 12.00 | brun + 87 8 3 4) 2 
34 | Bottenbogruvan ..| 1.885 | 12.01 | farglés + 85] 28:8 3) eosin 
14 | Bottenbogruvan...| 1.881 svagt brun} + . 

2 |Saxa Mossgruvan. .} 1.869 | 11.98 | brun + 80 | 12 5 4] 2 

31 | N. Hopakarrsgru- 

ViGUerisieisneirecte asl 1.879 | 11.97 tO) Gon ee 
19 | Saxengruvan e....| 1.870 | 11.96 | farglos TB eS TON | Sie) 
25 » Griaedplesor I aLIeos £73). 18a Gala oeee 
36 » @.a5.| 1857 svagt brun} + 
46 | Finnbergsgruvan...| 1.873 | 11.95 | brun + 73 | 18 6 2 | 2 
18 | Saxengruvan c....| 1.860 | 11.94 | svagt gul + | 70 | 17 zh 2|2 
28 | Sarvtjarnsgruvan b} 1.840 | 11.93 | brun + | 69 | 19 5 3 2 
32 | Saxa Mossgruvan..| 1.851 | 11.93 69 | 217 6 foal 
13 | 8. Grétbacksgruvan] 1.855 | 11.93 | gul - 10>) 163) Oost eta 
15 | Saxengruvan b....] 1.871 | 11.92 | ljusbrun a. 69 | 16 6 sya a! 
35 |S. Grétbaicksgruvan) 1.855 | 11.91 | farglés + 68) 7" |) 67) poate 
30 | Hammariangs- 
| IAIN ERY Gemsia a acs 1.869 | 11.91 68 | 16 6 3 
| 
50 | Kextjarnsgruvan ..| 1.802 | 11.61 | fairglés + 5, | (5) | 2257668 | al 
12 | N. Grétbaicksgruvan}'1.814 | 11.61 | gul — 7 20 | 75 | 2 
57 | O. Silvergruvan .../'1.816 | 11.60 | svagt brun| + |(+)] 3 15 | 80 |"2 
29 | Saxengruvan a....| 1.817 | 11.60 | fairglés +- 3 25 | 70 | 2 
51 | Kextjarnsgruvan ..| 1.816 | 11.59 | farglés + 3 15 | 80 | 2 


huvudsakligen av andradit medan grossularhalten ar mera underord- 
nad. For almandin-spessartingruppen kan man diremot inte fa nagon 
nirmare uppfattning om sammansittningen pa grundval av de fysika- 
liska konstanterna. Forp (1915), SrockweLt (1927) och férfattaren 
ha visat att man inte kan skilja mellan almandin- och spessartingranat 
utan kemisk analys. Da granaterna i prov 50, 51 och 57 férekomma i 
en manganrik miljé och da granaterna i prov 12 och 29 upptriida i 
kalkstenar med en viss manganhalt (se sid. 153), antog jag att i dessa 
granater spessartin ingar som dominerande andled. Analyser visa att 
detta antagande ar riktigt: i granaterna i prov 29 och 50 pavisades 
spektralanalytiskt en avsevird méngd mangan och kemisk analys av 
granaterna 1 prov 12 och 57 gav 25.5 resp. 29.1 °% MnO. 

Epidot upptrider nagon gang i monomineraliska massor. Oftast ar 
den associerad med granat och amfibol. Nar den férekommer i kvarts- 
kalcitsprickor foreligger den i form av tydligt avgransade kristaller. I 
regel bildar den dock oregelbundna aggregat med en kornstorlek om- 
kring 0.1 mm. I nedanstaende tabell atergivas de bestimda optiska 
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Tabell III 
os ee eee 
Prov Fyndort y’ a’ D Wis 100 . Fe,0, 
Al,03 +- Fe,0, 

35 |S. Grétbacksgruvan .......... LS2 1.743 7° 39 
POee OAXCHOTUY IEC wo) «cals eye rato rte ‘sia. 1.780 1.741 UBS 38 
27 > Os Ee Repeat 1.779 1.740 37 
15 » | Nears eae ney ee 1.779 1.746 36 

4 | Laxtjérnsgruvan ............. 1.778 1.743 72° 36 
59 | O. Hégbornsgruvan .......... 1.778 1.735 36 
BORN DAXENGTUVAN (OC) (oe 2.04.02. 1.778 1.741 36 
24 » oy A ASAE: Ree 1.778 1.740 36 
18 » BS Se NE 2 eae 1.778 1.743 36 
a. ie eee l.v7a | 1.732 71° 34 
58 |O. Hégbornsgruvan .......... 1.774 1.736 34 

2) Saxd) Mosspruvan ............ 1.774 34 
SE | RAPD ASPTY VAML eons <,doi alo oe 5 «oe 1.771 1.735 32 
14 | Bottenbogruvan ............. Ey vie | 1.735 75° 32 
33 2) a ee eee 1.770 1.730 75° 30 
34 pe ener ee Sa Seca 1.768 1.728 29 
BAS | SAMASPTUVAN . ce cee cscs foe 1.768 1.730 29 
2)” | Sarvtjaruspruvan @ .........- 1.767 Bey 28 
Ze | SSXODLEDVAD Cx. 2.5.0 Nemes. oisis 1.767 1.736 IBY 28 
D2 eS ARDABPFUVAND, ons genie we 3 vos 27s 1.753 1.728 20 
46 | Finnbergsgruvan ............. 1.746 1.722 73° 15 


data och Fe,0,/Al,0, + Fe,0,-kvoten enligt WrycweLu (1951) som 
svara mot dessa. 

Felet vid ljusbrytningsbestémningarna ar + 0.002, vid axelvinkel- 
bestémningarna + 1°. 

Ovanstdende tabell visar att axelvinkelvirdena ej aro lampade for 
att nagra narmare slutsatser om epidotens kemiska karaktar skall 
kunna dragas, de funna vardena visa endast att pistaciter foreligga. 
Ljusbrytningsvardena ge daéremot en sikrare vagledning vid bestam- 
ning av sammansittningen: dessa varden, liksom det forhallandet att 
de undersékta epidoternas farg varierar mellan gul och kraftigt gul- 
gron, visa att det genomgaende rér sig om jarnrika epidoter. 

Ca-férande amfibol ar vanligen associerad med epidot och granat. 
De undersoékta amfibolerna omfatta dels tremolit-aktinolit, dels van- 
ligt hornblande. Variationer kunna upptraida inom ett och samma prov 
och nagon gang har mineralets karnpartier annan farg én ytterzonerna. 
Karnan Ar i regel di nagot morkare. Tabell IV dr en sammanstillning 
av de optiska data som blivit bestamda for de Ca-forande amfibolerna. 
Avy tabellen framgar att variationerna for c: y och 2V, aro sa sma att 
dessa varden endast i mindre utstrackning aterspegla vixlingar 1 sam- 
mansattningen. Ljusbrytningen uppvisar diremot stérre variationer. 
Samtidigt ar det den optiska egenskap som bast aterger amfibolens 
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kemiska karaktar. Ljusbrytningen i tremolit-aktinolit och vanligt 
hornblande ar beroende dels av Mg: Fe?*-férhallandet, dels av sub- 
stitutionen Al: Si. Mg/Fe?++ Mg-kvoten aterspeglas ratt val av ljus- 
brytningen, entydigast i de amfiboler hos vilka aluminium saknas, 
alltsa 1 tremolit-aktinolitserien. Det ar diremot icke méjligt att enbart 
pa optisk vag uppskatta aluminiumhalten. Da i de diagram som Askad- 
lhggéra forhallandet mellan ljusbrytning och kemisk sammansattning for 
vanlga hornblanden (Fostiz (1945) och Sunprus (1946)) Mg/Fe?* + 
Mg-kvoten ar beroende av Al: Si-forhallandet, kan icke helt entydiga 
siffervarden for Mg/Fe?*+ Mg-kvoten erhallas. De varden som av- 
lasts ur Foslies tabell aro amfibolernas mg-tal definierat som 
mol. MgO/2Fe,0, + FeO + MnO + MgO. Sundius tabell aterger atom- 
procent Mg/Mg + Fe?*-+ Fe**+ Ti+ Mn. De lagre vardena motsvara 
enligt Foslie Al-fria amfiboler, enligt Sundius en Al: Si-substitution 
Al 0.00—0.60 Si 8.00—7.40. De hégre vardena representera enligt 
Foslie substitutionen Al 1.00—1.25 Si 7.00—6.75, enligt Sundius Al 
0.60—1.40 Si 7.40—6.60. 

For att erhalla en sikrare uppfattning om Al-halten i de undersokta 
amfibolerna utférdes spektralanalys pa sex prover. I prov 21 och 33 
pavisades en avsevird mangd Al, amfibolerna i prov 40, 48, 47 och 55 
holl endast en ringa mangd Al. Det synes darfér sannolikt att de flesta 
undersokta amfibolerna som ha lag ljusbrytning och svag egenfarg 
tillhora tremolit-aktinolitserien, medan de amfiboler som ha hégre ]jus- 
brytning och kraftig egenfarg aro vanliga hornblainden. 

Vardena i tabell IV ha ordnats efter sjunkande ljusbrytning, varvid 
axelvinkeln 6kar nagot, vilket star 1 god éverensstimmelse med kinda 
forhallanden. Fargvariationerna i de undersékta amfibolerna ange i 
stor sett en 6kning ay fargstyrkan med okad ljusbrytning. Pleokroismen 
Brey Sp o> a. 

Ca-fri amfibol forekommer endast 1 manganrika associationer. Den 
upptrader i form av-farglésa eller svagt groénfargade prismor eller fin- 
fasriga fibrer. Dess axelvinkel och utslackningsvinkel ar densamma som 
for ett aktinolitiskt hornblinde, varfér den, sasom Sunprus (1924) 
papekar, latt kan forvixlas med ett sidant. Den héga ljusbrytningen 
visar emellertid att det ar fraga om en cummingtonit-griinerit. Féljande 
optiska data bestaémdes: 


Prov - Fyndort y’ a! 2Va e:y 
51 Kextjarnsgruvan ....-..:2:+-- 1.702 1.673 85° 1° 
50 Kextjarnsgrivan ........<..-.. 1.694 1.656 85° 18 


Matfelet . for ljusbrytningen ar + 0.002, vid axelvinkelbestém- 
ningarna + 5°. 
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Enligt WincHELL (1951) motsvara de optiska vardena for prov 51 en 
cummingtonit med 75 molprocent griinerit, for prov 50 en cumming- 
tonit med 66 molprocent griinerit. 

Pyrozen upptrader associerad med amfibol och granat. Den ar 1 
regel farglés, nagon gang ar den svagt grénfirgad. Mineralet fore- 
kommer i oregelbundna, nagot rundade korn, som ofta sammansluta 
sig till monomineraliska massor. Variationen i de undersékta pyroxe- 
nernas sammansattning Aterspeglas av nedanstaende optiska data. 


100 - Mg 
Prov Fyndort y’ a! C2y 2Vy Mg + Fe+, 
34 Bottenbogruvan ......... 1.730 1.702 40° 55—57 
53 JAaIMASOTUVaN ....--eseee 1.728 1.701 43—44° 58° 57—58 
52 SA ee ES eee ase 1.722 1.689 41—43° 59° 63—68 
54 ie Mio conn c 1.718 66 
47 St. Sirsj6bergsgruvan.... 1.713 1.689 39—41° 62° 68—73 


Mg/Fe?* + Mg-kvoten som uppskattats med tillhjalp av diagram av 
Hess (1949) och WrincHeLt (1951) visar att det ar fraga om diopsid 
med hog halt av hedenbergit. 

Olivin har iakttagits endast 1 de manganrika mineralkombinatio- 
nerna. Den i prov 50, Kextjairnsgruvan, befintliga ar smutsgra till 
fiirgen, bildar oregelbundna massor och har féljande optiska konstan- 
ter: y’ 1.833, a’ 1.795 (+ 0.002) och 2V, 60° + 5°. Enligt WiIncHELL 
(1951) motsvara dessa viarden sammansittningen 68 molprocent 
Fe,Si0,, 23 molprocent Mn,Si0O, och 9 molprocent Mg,Si0,. 

Plagioklas uppkommen i samband med skarnbildningen forekom- 
mer endast i ett fatal prover. I samtliga fall synes plagioklasen ha vuxit 
i kalcit och bildar anhedriska kristaller. Kornstorleken kan na upp till 
0.3 mm. Plagioklasen uppvisar en mycket oregelbunden utslickning, 
men i de fall dar siker bestiémning av utslackningsvinklarna latit sig 
utforas, angiva vardena en sammansattning motsvarande 5—10 % An. 
Den i haJleflintans grundmassa upptriidande plagioklasen 4r i de fall, 
dir en bestimning kunnat utféras, en albit med mindre an 10 % An. 

Klorit utgér i de undersékta proverna ej nagon vanlig eller domi- 
nerande bestandsdel. I de fa fall den patriffats, har den blekgrén farg 
samt en mycket lag dubbelbrytning; den har karaktédren av en magne- 
siarik klorit med ringa halt av jarn och aluminium. 

Muskovit ax siillsynt, forekommer endast i tva av de undersdkta 
proven. I prov 4, Laxtjarnsgruvav, upptrader den tillsammans med 
epidot i omkristalliserad kvarts. I prov 24, Saxengruvan c, férekom- 
mer den associerad med turmalin. 

Turmalin i ovannimnda prov 24 bildar sma (upp till 0.15 mm langa) 
prismatiska kristaller. Pleokrismen ar tydlig: w ljusbla; ¢ nastan firglés 
eller blekviolett. 


Bd 79. H. 2] SKARNBILDNINGEN I GRYTHYTTEFALTET 145 


Skapolit har patraffats endast i Jarnasgruvan. Den upptrader 1 
mycket oregelbundna tavelformiga kristaller med en storlek upp till 
1.5 mm. 

I regel ar den starkt korroderad och full med inneslutningar av kalcit 
och diopsid. Dubbelbrytningen har i tva fall uppmatts till 0.011 och 
0.012, vilket enligt Sunprus (1919) och Wincnett (1951) skulle mot- 
svara en skapolit med sammansittningen Ma..Meg. 

Baryt férekommer i de nordvastligaste gruvorna vid Saxen. Halten 
av detta mineral ar anmarkningsvart hég. Volumetrisk analys av prov 
29, Saxengruvan a, och av prov 15, Saxengruvan b, visar 5.9 °%, resp. 
2.5 % baryt. Den upptrader i anhedriska kristaller, i férstnimnda prov 
associerad med kalcit, amfibol och granat, i det andra provet med 
kvarts och epidot. Féljande optiska konstanter karaktirisera mine- 
ralet. 


Prov y a” 2Vy 
CAN i UE Bie 1.648 1.637 35° 1° 
a ee oe 35°-4 1° 


I bada proven pavisades forekomsten av Ba genom kvalitativt prov. 


Sambandet mellan skarn- och malmbildning 


For att belysa. uppfattningarna rérande sambandet mellan skarn- 
bildning och malmbildning ges har en kortfattad 6versikt av olika 
arbeten 6ver de mellansvenska malmernas genesis. 

Enighet synes for narvarande rada betriéffande de skiktade mal- 
mernas sedimentiara ursprung, och att de dro intimt forknippade med 
halleflintformationens anliggning. Betraffande skarnmalmernas ur- 
sprung foreligger diremot ratt divergerande asikter. Problemet har 
bl. a. behandlats i foljande monografier: av GrisER (1923) 1 »Riddar- 
hytte malmfalt», av Sunprus (1922) i »Grythyttefaltets geology och av 
Macnusson (1925) i »Persbergs malmtrakt» samt (1929) i »Nordmarks 
malmtrakt». Ge1seR har 1946 formulerat foljande sammanfattning: 
»Sundius och Magnusson forlade bada den ursprungliga anliggningen 
av malmerna till leptitformationens bildningstid, medan den foérre 
ansig dem ha fardigbildats i deras nuvarande aspekt redan fran bérjan, 
ville Magnusson hanféra den nuvarande mineralkombinationen och 
strukturen, i stort som i detaljer, till urgranitepoken. Geijer delade 
denna sistnémnda asikt, men ansag, i motsats till Magnusson, att aven 
den forsta ansamlingen av malmmaterialet skett under samma epok.» 

De skiktade malmerna dro mest lampade for ett studium av skarn- 
bildningens férlopp. I dessa kemiskt-sedimentira malmer, till anligg- 
ningen intimt forknippade med hiilleflintformationens bergarter, av- 
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sattes samtidigt med dessa karbonat av kalcium, magnesium, mangan 
och jarn. Mjligt ar att aven himatit eller limonit bildades i nara anslut- 
ning till sedimentationen. I samband med de regionalmetamorfa pro- 
cesser som Overforde hilleflintorna till leptiter, intréffade en kalk- 
silikatbildning. Halleflinta lamnade Al och Si, jaérnoxidmalm Fe och 
karbonatsten Ca, Mg, Mn och Fe till silikatbildningen. Samtidigt dver- 
gick jarnet fran hamatit eller limonit till magnetit. [ samband med 
dessa processer skedde omflyttningar som i en del fall kom att utplana 
de sedimentira dragen. Denna typ av silikatbildning har av Macnus- 
son (1925) benémnts reaktionsskarnbildning. 

Om man i de skarnférande sedimentira malmerna kan tamligen 
entydigt klarlagga skarnbildningens forlopp, sa aro for de egentliga 
skarnmalmernas del forhallandena mera komplicerade. Férutom reak- 
tionskarnbildning finnes har méjligheten for en skarnbildning i sam- 
band med: koncentrationen av malmmaterialet ungefir som en kon- 
taktmetasomatisk bildning. En reaktionskarnbildning kan givetvis 
ha forekommit dven i de fall, dir fyndighetens kemiskt-sedimentiara 
drag icke aro skénjbara. Enbart en mycket oregelbunden fordelning av 
jarnoxid och skarn behéver salunda ej innebira ett kontaktmetasoma- 
tiskt ursprung. I samband med skarnbildningen kan naémligen omflytt- 
ningar av sadana dimensioner ha forsiggatt, att alla ursprungliga drag 
forstorts. Sadana exempel ha av Magnusson flerstiides pavisats. Ett 
ytterligare exempel pa en sadan utveckling fran skiktad jaspilitaitad 
malm till. oregelbunden skarnmalm i Grythyttefiltet synes foreligga i 
serien N. Grotbicksgruvan—S. Grétbicksgruvan—Bottenbogruvan. 

Sundius sammanfor alla malmer, vilka sakna tydligt sedimentiira 
strukturdrag under benimningen skarnmalmer. Han antar ett kon- 
taktmetasomatiskt ursprung fér dessa malmer och anser att skarn- 
bildningen fiamkallats av de malmbildande lésningarna sjalva. Argu- 
menteringen for skarnmalmernas kontaktmetasomatiska ursprung 4r 
foljande. Den malmerna omgivande berggrunden klassificeras av Sun- 
dius som tillhérande »yhiilleflintfacies), motsvarande Eskolas grén- 
skifferfacies. Den fér halleflintorna utmirkande mineralparagenesen 
bestar av albit, sericit, biotit, klorit och kalcit. Fér skarnen kunna 
foljande mineral anses vara karakteriserande for paragenesen: kalcit, 
biotit, epidot, andradit, tremolit-aktinolit, hornblande och diopsid. 
Denna association motsvarar i huvudsak epidot-amfibolitfacies. Skarn- 
associationerna representera saledes en hégre metamorfosgrad an den 
omgivande berggrunden och darfor skulle kalksilikaten i skarnmalmerna 
ha bildats av de malmféiande lésningarna pa kontaktmetasomatisk vag. 

Skillnaden i mineralfacies mellan halleflintor och skarnassociationer 
kan forklaras genom att vid dndrade tryck- och temperaturférhallan- 
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Fig. 3. Mineralsammansattningen (uttryckt i vol.-%) i prover ifran manganfattiga skarn- 
malmer i Grythyttefaltet. Prov 136—42 ar fran N, Grétbicksgruvan. 
Mineral composition (expressed in % by volume) of some samples of the skarn iron ores 
poor in manganese in the Grythytte field. 


den ha de karbonatrika associationerna dndrat mineralsammansatt- 
ning snabbare an hilleflintorna. 

Eu del av skarnmalmerna i Grythyttefaltet ha dock strukturella 
drag bevarade vilka tyda pa ett sedimentart ursprung. Sa dr t. ex. 
fallet i Finnbergsgruvan, i vilken jirnmalm, hilleflinta och kalksten 
vaxellagra med varandra; i Hégbornsfaltet finnas alla 6vergangar mellan 
vackert skarnrandig och massformig malm. Vad som emellertid synes 
mig vara avgorande for tolkningen av skarnbildningens férlopp 4r, 
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att saval i de sedimentira malmerna som i skarnmalmerna upptraéda 
mineralassociationer som tyda p& samma metamorfosgrad. Detta talar 
fér att skarnbildningen i saval de sedimentira malmerna som skarn- 
malmerna kan ha skett pa ett likartat sitt. Om man for de sedimentira 
malmerna anser att en reaktionsskarnbildning foreligger finnes darfor 
enligt min mening ingenting som utesluter ett sadant betraktelsesatt 
aven for skarnmalmerna. 

Ehuru givetvis bindande bevis mot en skarnbildning av kontakt- 
metasomatisk karaktir icke kunna forebringas_framgar av det ovan 
anforda att diven de s. k. skarnmalmerna kunna foérklaras som reaktions- 
skarnbildningar. 


Mineralogiska och kemiska fériindringar under skarnbildningen 


Som ovan namndes ar skarnbildningens forlopp klarast manifesterad 
i de skiktade-sedimentira jarnmalmerna. Skarnen bildas hér ur det 
fore forskarningen existerande materialet. Fér reaktionsskarnbild- 
ningen tinker sig Magnusson (1953) foljande betingelser som utslags- 
givande. Andradit bildas naér Mg-halten 1 karbonatstenen ar lag, vid 
hégre Mg-halt uppkommer pyroxen (diopsid-hedenbergit) tillsammans 
med granat. Vid aénnu hégre Mg-halt bildas aktinolit. Dar halleflint- 
material varit naérvarande skulle epidot och vanligt hornblinde komma 
till utbildning. Emellertid synes mig, att man inte enbart kan fasta 
avseende vid ursprungsmaterialet, utan att aven olikheter 1 foérdel- 
ningen av tryck och temperatur under regionalmetamorfosen maste 
ha varit av avgérande betydelse, da ett och samma ursprungsmaterial 
vid olika pT-betingelser ger olika mineralkombinationer. 

For att belysa variationerna i mineralproportioner i skarnassocia- 
tionerna 1 Grythyttefiltet ha ett antal volumetriska analyser utforts, 
resultatet atergives i fig. 3. Jaérnoxiderna ha franraéknats och de 6vriga 
mineralen omraknats till 100 %. De undersékta proven representera 
samtliga manganfattiga associationer, med undantag av prov 12 och 
29, dér man har att rékna med en viss manganhalt i karbonatstenen 
(se sid. 153). Halterna av granat, epidot och amfibol ha omraknats till 
100 % och vardena ha avsatts i ett triangeldiagram (fig. 4). Halterna 
av biotit, angiven i volymsprocent av totala summan biotit, granat, 
epidot och amfibol, ha vidare angivits i diagrammet. Den i prov 19, 
21, 35 och 43 i underordnad mingd forekommande kloriten har har 
inréknats i biotiten. Vaxlingarna i mineralférdelningen i de undersdkta 
skarnassociationerna kunna vara betydande, varfér de ur slipproven er- 
hallna vaérdena endast i grova drag aro representativa for resp. skarntyp. 
Vissa huvuddrag i mineralférdelningen kunna likval belysas. Av fig. 4 
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Fig. 4. Férdelningen av biotit, epidot, granat och Ca-rik amfibol i Mn-fattiga 
skarnparageneser. Forhallande anges i vol.-%. 
The distribution of biotite, epidote, garnet and Ca-rich amphibole in skarn associations 
poor in manganese. The proportions are indicated in % by volume. 


framgar att de hoga biotithalterna aro val samlade i epidoth6rnet, 
under det att prover med hégre amfibolhalt genomgaende iro biotit- 
fattiga. Detta tyder pa att biotit maste ha tagits 1 ansprak vid bild- 
ningen av amfibol, ty de ligsta biotithalterna forekomma i amfibol- 
hérnet. Av prov 12 i diagrammet framgar att biotit inte forbrukats 
vid granatbildningen, detta prov representerar en granatrik skarnasso- 
ciation med en hég biotithalt. 

I fig. 5 visas en sammanstillning av variationerna i mineralens sam- 
mansattning i de olika skarnparageneserna. En huvudindelning i man- 
ganfattiga och manganrika associationer har genomforts. Denna indel- 
ning 4r lik den pa s. 137 berérda, fransett att skarnen ide skiktade blod- 
stensmalmerna och i de manganfattiga skarnmalmerna baigge sam- 
manférts under bendmningen manganfattiga associationer. Den vidare 
grupperingen har gjorts p&é grundval av de kvantitativt dominerande 
mineralen granat, epidot, amfibol och pyroxen. Prover med samma 
mineralkonstellation t. ex. granat-epidot, granat-amfibol, enbart granat 
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Fig. 5. Molekylarkvoterna i de skarnbildande mineralgrup i a 
} perna i Grythyttefaltet. 
The molecular quotients of the skarn-forming mineral groups in the ethene field. 
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etc. ha grupperats for sig. Dessutom har i tabellen angivits om biotit, 
muskovit, klorit, magnetit och himatit finnas ndrvarande i provet. 
I tabellen ha de kvoter markerats, vilka kunna belysas av de optiska 
bestamningarna och som ha verifierats och kompletterats med nagra 
kemiska analyser. 

Ktt direkt matt pa metamorfosgraden har man i de uppkomna mine- 
ralassociationerna. I fig. 5 har de manganfattiga associationerna grup- 
perats sa att de fran vanster till héger motsvara en férmodad ékning 
avy metamorfosgraden. Tabellens vanstra del domineras avy biotit, 
granat och epidot, dess hégra del domineras av epidot, granat, amfibol 
och pyroxen. 

Det mest pafallande i fig. 5 ar skillnaden i kvotvardena hos ett och 
samma mineral i manganfattiga och manganrika skarnparageneser. 
Men aven inom var och en av de bada huvudgrupperna forekomma 
vissa variationer. 


Manganfattiga associationer. 


Vi betrakta forst de manganfattiga associationerna. Sasom tidigare 
visats forekommer inom epidoterna vissa variationer 1 Al: Fe**-for- 
hallandet. Kvotvairdena ligga 1 de icke amfibolférande och mono- 
mineraliska parageneserna mellan 0.61 och 0.64 (i ett fall 0.72). Sa 
snart amfibol — har avses 1 fortsaittningen Ca-rik sadan — och pyroxen 
komma in i associationen stiga dessa kvoter och ligga mellan 0.64 och 
0.72 (i ett fall 0.85). Liknande férhallanden konstaterades av TILLEY 
(1923) i samband med progressiv metamorfos av klorit-epidot-albit- 
skiffrar som 6vergé i hornblinde-epidot-albitskiffrar genom att kloriten 
férbrukats under bildning av hornblinde. Den epidot som upptrader 
i de hégre metamorfa skiffrarna har en hégre Al/Fe?*+ Al-kvot an 
epidoten i klorit-epidot-albitskiffrarna. 

I fig. 6 har Al/Fe**+ Al-kvoten for saval granat som epidot kom- 
binerats. Dessutom har i diagrammet férekomst av biotit, amfibol och 
pyroxen i resp. prov utmarkts. Av diagrammet framgar, att de prov 
som karakteriseras av mineralkombinationen biotit-epidot-granat aro 
tamligen vil samlade i en grupp. Al/Fe?+-+ Al-kvoten for granat i 
dessa prover ligger mellan 0.28 och 0.30, for epidot mellan 0.61 och 0.64. 
Nar epidot- och biotithalten minskar och proverna karakteriseras av 
mineralkombinationen epidot-granat-amfibol-pyroxen, sker en sprid- 
ning av punkterna inom diagrammet, vilken visar att Al/Fe?*+- Al- 
kvoten fér granat minskat till 0.03—0.23 och for epidot dkat till 0.66— 
0.69. Epidoten i prov 46, Finnbergsgruvan, har en hog Al/Fe?* + Al- 
kvot = 0.85 och skiljer sig salunda fran de évriga med amfibol och 
granat associerade epidoterna. 
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Fig. 6. Al,0;/Fe,0; + Al,O;-kvoten i koexisterande granat och epidot. Fé6rutom provets 
nummer har utmarkts, om provet ar biotit-, amfibol- resp. pyroxenférande. 
The quotient Al,O,/Fe,0, + Al,O,; in co-existing garnet and epidote. 


Av fig. 5 framgar att nagon relation for amfibolens Mg: Fe?*-for- 
hallande och den mineralassociation i vilken den upptrader icke kan 
utlasas. 

Koexisterande amfibol och pyroxen i mer avsevird mingd fore- 
komma endast 1 prov 34 och 47 (1 prov 54 upptrader amfibol mycket 
underordnat gentemot pyroxen). Vad som dr av intresse, nar amfibol 
och pyroxen finnas i samma prov, ar férdelningen av Mg och Fe?* 
mellan dessa mineral. Av fig. 5 framgar att Mg/Fe?* + Mg-kvoten i prov 
34 och 47 praktiskt taget ar densamma fér bagge mineralen. Dessa tva 
element synas foérdela sig lika 1 koexisterande amfibol och pyroxen. 

For de manganfattiga skarnparageneserna ger undersdkningen fol- 
jande bild av skarnbildningsforloppet. Samtidigt med en viss omkris- 
tallisering i halleflintan sker en forsta mobilisering i malmen: i sprickor 
avsdttas darvid jdérnoxider, kvarts och biotit. Ett anmiarkningsvart 
drag dr, att man i foga paverkade jaspiliter finner biotit, medan klorit 
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mera sallan patraffas i dessa. Av ljusbrytningen och av den ljusgréna 
fargen framgar att det ar fraiga om magnesiarika biotiter (jfr_s. 138). 
TILLEy (1928), Puturps (1931) och WisEMAN (1934) ha beskrivit bioti- 
ter med motsvarande optiska egenskaper fran lagmetamorfa omraden 
och de ha funnit att biotiten dr magnesiarik. 

Som en samtidig eller nagot senare bildning an biotit upptrader 
epidot. Mineralrelationerna i det har undersékta materialet antyda att 
epidot ar en reaktionsprodukt mellan kalcit, jarnoxid och filtspat: 

kalcit + hamatit + faltspat + vatten = epidot + kvarts + koldioxid + alkalier 


RamBeEre (1944) har visat att epidot bildas som en reaktionsprodukt 
mellan kalcit och klorit, samtidigt uppkommer jarnrik aktinolit eller 
talk beroende pa kloritens Mg : Fe?*-forhallande. I de undersokta pro- 
ven har talk inte patraffats, daremot ar associationen epidot-amfibol 
vanlig. Fig. 5 visar att de med epidot koexisterande amfibolerna i 
nagra fall dro Fe?*-rika aktinoliter. Man kan darfor icke helt utesluta 
mdéjligheten att amfibol i vissa fall kan ha bildats ur klorit enligt for- 


meln 
kaleit + klorit + kvarts = epidot + aktinolit + vatten + koldioxid 


Foreligger emellertid mangan i tillracklig koncentration i ursprungs- 
materialet, utan att fyndigheten for den skull kommer att karakte- 
riseras av sjadlvstindiga manganmineral, upptrader granat som ett 
mycket tidigt mineral. En empiriskt vunnen erfarenhet ar att granater 
bildade under lagmetamorfa forhallanden visat innehalla en avseviird 
manganhalt (se bl. a. GoLpscumipT (1921), TrrLEy (1928) och TURNER- 
VERHOGEN (1951)). I N. Grétbaicksgruvan, som karakteriseras av lag 
metamorfosgrad, och dir en del av malmen utgores av jaspilit, har en 
granat med avsevird manganhalt (13.4 % MnO) bildats. Orsaken dar- 
till ar, att den med malmen associerade karbonatstenen innehaller 
6.1 % MnCO, (Sunprus (1922)). Granaten fran nordvistligaste Saxen- 
gruvan (prov 29) ar likasa rikligt manganforande. Sunpius (1922) anger 
att den dar férekommande kalken »anléper svart vid vittring och torde 
darfér vara ej obetydligt Mn-haltig». Emellertid tyda vissa andra drag 
i denna fyndighet pa att en hogre metamorfosgrad forelegat, t. ex. att 
amfibol finnes associerad med granat. 

Granatens karaktér av reaktionsskarnmineral ar sirskilt pataglig, 
vilket tidigare framhallits av Linprorn (1920) samt av GEIJER och 
Maenusson (1944). Detta framgar aven tydligt av ett slipprov fran 
Knuthéjden (fig. 7). Har iakttages en magnetitforande halleflinta i 
kontakt med kalcit. I kontaktzonen har granat uppstatt under for- 
brukande av jarnoxiderna, vilket framtrader dari att en ca. 0.1 mm 
bred halleflintzon, som grénsar mot granaten, ar sa gott som fri fran 
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Fig. 7. Granatskarn, Knuthéjden. Granat vaxande mellan kalcit (nedre hégra hérnet) 

och magnetitforande hilleflinta (6vre halften av bilden). Genomfallande ljus. xX 38. 

Garnet-skarn growing between calcite (lower right corner) and magnetiferous hilleflinta 
(upper half of the picture). Ord. light. X 38. 


malmkorn. Den pa detta saitt bildade granaten ar en andradit och bild- 
ningsforloppet kan skrivas 
kaleit + haimatit + kvarts = andradit + koldioxid. 


Ovan har antytts att amfibol uppkommer samtidigt med epidot 
som en reaktionsprodukt mellan kalcit och klorit, den bildade amfi- 
bolen har aktinolitisk sammansittning. Emellertid har dven tidigare 
redogjorts fér att biotit maste ha deltagit 1 amfibolbildningen. Nar 
pTI-betingelserna foranleda bildning av amfibol kommer biotiten att 
forsvinna och harvid bortfores K och stérre delen av Al, medan Mg 
och Fe?* inga i amfibolen i samma férhallande som i biotiten och en 
del Al upptages i amfibolen. Da biotiten ar magnesiarik kommer tre- 
molit att bildas enligt 

kalcit + biotit = tremolit + koldioxid + vatten +- K + Al. 

Vid nagot hégre temperatur uppkommer pyroxen (diopsid) enligt 

tremolit + kalcit +- kvarts = diopsid + koldioxid + vatten. 

De resultat som framkommit i foreliggande undersdkning i fraga om 
de manganfattiga skarnassociationerna i Grythyttefiltet kunna sam- 


Fig. 8. Granater vixande i biotit, i 6vre vanstra hérnet griinerit. Kextjirnsgruvan. 
Genomfallande ljus. * 35. 
Garnets growing in biotite; in the upper left corner griinerite may be discerned. Ord. light. x 35. 


manfattas salunda: ursprungsmaterialet har varit karbonatsten, jarn- 
oxid, faltspat och kvarts och genom regionalmetamorfa processer ha 
skarnassociationer karakteriserade ay biotit, epidot, granat, amfibol 
och pyroxen uppkommit. Biotiten som bildas som ett tidigt mineral dr 
i regel magnesiarik. Epidot bildas samtidigt med biotit eller nagot 
senare. Genomgaende ha pistaciter uppkommit, i mineralkombinationer 
bestaende av epidot-biotit-granat ar epidotens Al: Fe**-forhallande 
lagre an i associationer i vilka epidot upptrader tillsammans med amfi- 
bol och pyroxen. Granat bildas pa ett mycket tidigt stadium om mangan 
féreligger i stérre koncentration i ursprungsmaterialet, harvid bildas 
spessartinrik granat. I évriga fall bildas andradit med inblandning av 
grossular. I associationen granat-amfibol-pyroxen upptrida mera ut- 
priglade andraditer an i mineralkombinationer vilka karakteriseras av 
granat-biotit-epidot. De amfiboler som bildats tillhéra i regel tremolit- 
aktinolit-serien, i nagra fall forekommer vanligt hornblinde. Den 
bildade pyroxenen ar en hedenbergitisk diopsid. 
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De manganrika parageneserna dro representerade endast genom O. 
Silvergruvan och Kextjiérnsgruvan. Typiska skarnmineral for dessa 
fyndigheter dro spessartin, griinerit och knebelithaltig olivin. Dess- 
utom forekommer rikligt en gr6n biotit. 

Utmiarkande for dessa skarnparageneser ar att de férekommande 
mineralen dro Ca-fattiga eller Ca-fria. Med utgangspunkt fran O. Silver- 
gruvan, forklarar Sunprus (1922) detta med att den tidigaste fasen 1 
skarnbildningen i dessa fyndigheter var en metasomatisk omvandling 
av kalkstenarna, varvid Ca och Mg-ersattes av Mn och Fe?*. Utgangs- 
materialet vid skarnbildningen skulle salunda ha varit ett annat an 
for de manganfattiga skarnen. 

Prov 51, Kextjaérnsgruvan, visar att skarnbildningen i de mangan- 
rika fyndigheterna forsiggatt i olika etapper. I detta prov (fig. 8) fore- 
kommer en biotit med tydlig »bandning» framkallad av att biotiten 
morkfargats genom inverkan av en ringa halt zirkon. I biotiten vaxa 
vackert idiomorfa granater tydligt dvertvirande »bandningen». Saval 
biotiten som granaten genomtvaras av griineritisk amfibol. Hr ersat- 
tes sdlunda biotit av spessartin, vilken i sin tur ersittes av griinerit. 
Den knebelitfoérande olivinen, som upptrader 1 dessa associationer, kan 
tolkas som en reaktionsprodukt mellan spessartin och griinerit. Detta 
visas av fig. 9 dir olivin bildar en reaktionszon mellan spessartin och 
eriinerit-biotit. 

Granaterna 1 de manganférande associationerna dro Ca-fattiga och 
Mn—Fe?*-Al-rika, vilket framgar av tabell II. Amfibolen, som foére- 
kommer, har pa grundval av de optiska konstanterna befunnits vara en 
griinerit. Mg/Fe?*-+- Mg-kvoten for griineriten i prov 50 och 51 Ar i 
enlighet med Winchell 0.35 resp. 0.25. Sunprus (1924) har analyserat 
en amfibol fran Kextjarnsgruvan och funnit den vara en griinerit med 
foljande kemisk sammansittning. 


SO ge cudseths ale ans: devastate ses 52.98 
BAL Ost sccatactets leas haere tet — 
HG; Opaeartiars wiere: sie eteaeeiarae 0.60 
He O) psparrs Scie sist fare. hn. aera 21.93 
INTO ovat hace ences) eyareue ats 8.03 
an opal co Sastin tehictot crams eit 13.58 
BO yo heme pete Pua star's 0.29 
IN Ge Olara ras eehniers c1csteys1 60% sp. y 1.679 a 1.650 
KO Waters er eae ee sp. 2V ~ (ber.) 87% 
TOs aparece « Stow ier seoahse ee 2.36 e:y, 16° 
Oy sntyibesea teste cs ek 0.00 
OOT7 


Optiska data for amfibol i prov 50 och 51 dristort desamma som fér 
ovanstaende griinerit. Det ar troligt att vi i bagge fallen ha en mangan- 


Fig. 9. Brim av knebelitforande olivin (01) runt spessartin (Sp), omgivet av griinerit 

(Gr), biotit (Bi) och magnetit (helsvart). Kextjirnsgruvan. Genomfallande ljus. x 62. 

Spessartite (Sp) surrounded by knebelite-bearing olivine (01); the other minerals are griinerite 
(Gr), biotite (Bi), and magnetite (black). Ord. light. * 62. 


forande griinerit. Olivinen fran Kextjarnsgruvan har enligt de optiska 
konstanterna foljande sammansittning: 68 molprocent Fe,Si0,, 23 
molprocent Mn,Si0, och 9 molprocent Mg,SiO,. Nedan angives huru 
Mg, Fe?* och Mn fordela sig mellan spessartin, griinerit och knebelit- 


haltig olivin. 


MgO FeO MnO 

MgO + FeO + MnO MgO + FeO + MnO MgO + FeO + MnO 
SSDESSAN GIL heeye, syacsa oe ahele s nisle 0.01 0.16 0.83 
Re TSELTR OLE G loth cspete ioe ot eke mee 0.45 0.40 0.15 
TUT: co eyns ail one sy nee eols Minis. 0 0.09 0.68 0.23 


Kvoterna for spessartin aro beriknade ur vardena i tabell II, for grii- 
nerit dro de tagna ur den av Sundius gjorda kemiska analysen och for 
olivin ur de optiska bestaémningarna. 

Tidigare har visats att man for Kextjarnsgruvan kan konstatera en 
timligen klar ordningsféljd for uppkomsten av dessa skarnmineral. 
Under forutsittning att har liksom i O. Silvergruvan forelegat en kar- 
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bonatsten rik pa MnCO, och FeCO,, och att ordningsfoljden for de 
bildade skarnmineralen ar biotit-spessartin-griinerit, kan féljande sche- 
matiska reaktionsférlopp uppstallas for skarnbildningen i dessa Mn- 
férande fyndigheter. Den forst bildade biotiten upptar K, Mg, Fe?*, 
Al och troligen i mindre maéngd Mn (halten av detta element 1 biotit 
ar okdnd da kemisk analys saknas och optiskt kan denna inte bestaém- 
mas). Da saval spessartinen som griineriten bildats pa bekostnad av 
biotiten, uppta biagge dessa de for bildningen nédvandiga elementen 
ur biotiten. Den férst bildade granaten anrikas huvudsakligen pa 
Mn och Al, halten av Mg och Fe?* ar relativt lag. Kvarvarande Mg 
och Fe?* gar in i griineriten. I denna anrikas dessa element i férhal- 
lande till Mn. Olivinens stillning i detta sammanhang dr mera osaker. 
Sasom ovan papekats har olivin sannolikt uppkommit pa grund av att 
associationen spessartin-griinerit inte dr stabil, utan dessa tva mineral 
reagera med varandra under bildning av olivin. Emellertid forekommer 
aven spessartin i direkt kontakt med griinerit, men dock endast i 
mindre mangd. Daremot ar associationen griinerit-olivin rikligt fore- 
kommande. Pa grundval av att man aldrig finner griinerit utan asso- 
ciation med resterande olivin, forklarar Sunprus (1922) att griinerit 
skulle ha uppkommit ur olivinen. Olivin i association med spessartin 
och griinerit anrikas pa Fe?*; Mn och Mg forekomma endast 1 mindre 
mined. 

I O. Silvergruvan upptrader i prov 55 och 56 en aktinolitisk amfibol. 
Dessa prover aro rika pa karbonatsten, och det ar troligt att det ar 
den manganfattiga »vita kalkstenen» (SuNDIUS 1922, sid. 308) som 
givit upphov till dessa Ca-rika amfiboler i en for 6vrigt Ca-fattig miljé. 


Summary 


The present paper deals with skarn associations from mines and exploratory works in 
the Grythytte field. The localities from which the investigated material comes are shown 
in fig. 1. In broad outline the deposits have been divided according to Sunprus’ (1922) 
division, namely in bedded hematite ores, skarn iron ores poor in manganese and man- 
ganiferous carbonate-skarn ores. Owing to the high content of manganese in the ore 
analysis, the Jarnis Mine has formerly been reckoned to the manganiferous carbonate- 
skarn ores. In the samples investigated by the author no special manganese minerals 
were found, which is shown both by the optical determinations and by the chemical 
analyses of the minerals which characterize skarn associations from the deposit. On that 
account the deposit has in this investigation been assigned to the group of skarn iron 
ores poor in manganese. 

The purpose of the present study was to illustrate the variations in different skarn 
mineral associations by an investigation of the optical properties of the skarn minerals 
together with chemical and spectrographical analyses, and from the results gained to 
find bases of interpretation of the genesis of the ores. 

The author considers that the skarn minerals in all investigated deposits are true 
recrystallization products of heterogeneous calcareous rocks and that the skarn-forming 
process is connected with the regional metamorphism of the supracrustal rocks. In some 
deposits that have been classified as so-called skarn ores (expressing a contact meta- 
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somatic origin of these deposits) clear sedimentary features are found. A conclusive 
argument for the interpretation of the skarn formation is that in both the sedimentary 
ores and the skarn ores, skarn mineral associations occur that indicate the same degree 
of metamorphism. It seems to favour the belief that the skarn formation in the sedi- 
mentary ores as well as in the skarn ores can have occured similarly. 

The investigation gives the following picture of the skarn formation in the skarn 
associations poor in manganese. Contemporaneously with the recrystallization of the 
halleflinta, mobilization of the ore occured and a Mg-rich biotite resulted. Epidote (pist- 
acite) occurs as a simultaneous or somewhat later formation than biotite. The presence 
of manganese in the rocks in such concentrations that the deposit may not be charac- 
terized by minerals rich in manganese implies the occurence of garnet (spessartite). In 
rocks free from manganese, andradite-grossularite will be formed simultaneously with 
epidote. When P—T-conditions give rise to the formation of amphibole, it is possible 
for Mg and Fe?+ to enter in to the amphibole with the results that biotite disappears. 
This is shown in fig. 4. Samples with a high content of amphibole are throughout poor in 
biotite. At the same time the epidote becomes richer in Al. From fig. 5 will be seen that 
the Al: Fe*+-+ Al-quotient in epidote in biotite-epidote bearing samples is between 0.61 
and 0.64, but in epidote-amphibole-pyroxene bearing samples between 0.64 and 0.72. On 
the other hand the Al: Fe*+-ratio of garnet diminishes with an increase in the degree of 
metamorphism. Fig. 6 shows that the Al: Fe*+-+ Al-quotient in garnet in samples which 
are characterized by the mineral combination biotite-epidote-garnet is between 0.28 and 
0.30. When the content of biotite and epidote decreases and the samples are characteri- 
zed by the association epidote-garnet-amphibole-pyroxene the Al: Fe*+-+ Al-quotient in 
garnet diminishes to 0.03—0.23. The amphiboles formed usually belong the tremolite- 
actinolite series. In some samples common hornblende occurs. The pyroxene formed is a 
diopside with a high content of hedenbergite. From Table V is seen that Mg and Fe?+ are 
equally distributed between amphibole and pyroxene. 

Typical skarn minerals of the associations rich in manganese are spessartite, griinerite 
and olivine containing some manganese and biotite. The leading feature of these minerals is 
that they are free from Ca. The rocks from which the associations rich in manganese 
have been formed have a composition differing from rocks from which manganese-poor 
associations have resulted; the carbonate that existed before the skarn formation was rich 
in MnCO, and FeCO, and only contained a small amount of CaCO. 

Taking the Kextjarn Mine as a basis, it is possible to show that the skarn formation 
in the paragenese rich in manganese took place in a given order: the first formed. mineral, 
biotite, is replaced by spessartite which in turn is replaced by griinerite. The position of 
the knebelite-bearing olivine is uncertain in this connection: in part it may be a reaction 
product between spessartite and griinerite, andin part it may have arisen as a secondary 
mineral from olivine. : 

The first formed biotite takes up Mg, Fe*+, Al and some Mn. Both spessartite and 
griinerite are formed at the expense of the biotite. The first mentioned takes up mainly 
Mn and Al, and in the biotite remaining Mg and Fe*+ go to form griinerite. Olivine in 
association with spessartite and griinerite is enriched in Fe’+; Mgand Mn are only 
represented in smaller quantities. 
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Two Ordovician Conodont Faunas found with Zonal 
Graptolites 


By 
Maurits LiInpstROM 


Abstract: The conodont faunas treated in this paper are from the zone of Didymo- 
graptus balticus in South-Central Sweden and the zone of Climacograptus wilsoni in SW 
Scotland. On conodont evidence, the Didymograptus balticus zone is correlated with 
limestone strata intermediate between the Lower and the Upper Planilimbata Limestone. 
The conodont fauna of the Climacograptus wilsoni zone is described and figured, but no 
new species is named, 


Introduction 


The most beautiful and abundant conodont faunas have been found 
in limestones and soft shales from which they could easily be extracted. 
Thus, practically every one of the shelly limestone strata so far inves- 
tigated in the Swedish Ordovician has yielded numerous and splendid 
conodonts. On the other hand, few authors refer to the conodont faunas 
of the hard graptolite shales, and only one such fauna has been partly 
described (Happine, 1913). Further investigations on the conodonts of 
the graptolite shales are likely to add greatly to our knowledge of the 
stratigraphic relations between graptolitic and shelly facies. The main 
purpose of this paper is to survey the possibilities offered by such shale 
materials, as exemplified by a well-preserved fauna in a tectonically 
undisturbed Arenigian graptolite shale in South-Central Sweden and 
a thoroughly but not very strongly deformed Lower Hartfell black 
shale found at Morroch Bay in the Southern Uplands of Scotland. It 
appears already to be possible to make some generalizations on the 
mode of occurrence of conodonts in graptolite shales. 

Before proceeding to the account of the conodont occurrences I 

would like to express my gratitude to those who have helped me. 
The collecting in Scotland was made possible by a grant for field work 
‘from the Section of Natural Sciences of the Lund University. The in- 
doors work was done at the Institute of Paleontology of the same 
University, and the opportunity to carry it out I owe to its director, 
Professor GERHARD REGNELL. 


1. Mossebo 


In T. TyeRnvik’s thesis »On the Early Ordovician of Sweden» (Upp- 
sala, 1956) a detailed account is given of a section through Trema- 
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docian and Arenigian strata at Mossebo, on the north—eastern slopes of 
the Hunneberg mountain in South-Central Sweden (pp. 118—121). 
The upper and main part of the section is a black shale member in 
which the author of the thesis identifies the zones of Tetragraptus 
phyllograptoides and Didymograptus balticus. The latter zone contains 
inarticulate brachiopods and »Protorthis» hunnebergensis WALCOTT, 
a fossil that TyERNVIK also found in trilobite-carrying limestone strata 
at Gymninge in Narke (p. 138) and Képings Klint on the isle of Oland 
(p. 150). Both of these occurrences are located stratigraphically on 
the very boundary between the so-called Lower and Upper Planilim- 
bata Limestone (cf. TsERNVIK 1952), or Hunneberg and Billingen Group 
of TsERNVIK 1956. The trilobite fauna has relations in both divisions. 
TJERNVIK considers the strata in question to belong to the Lower 
Planilimbata Limestone and includes them in his zone of Plescomegalas- 
pis planilimbata, although that species is not found in them. Mainly 
on the evidence of »Protorthis» hunnebergensis these strata are corre- 
lated with the zone of Didymograptus balticus (p. 179). 

Evidence gained from conodont faunas, especially those of the 
Didymograptus balticus zone of Mossebo, will appear to add to TyERN- 
VIK’s results. 

In 1892, Professor MoperG and voN SCHMALENSEE made a detailed 
survey of a section at Mossebo that is similar to that of TsERNVIK but 
not identical with it. It was published in part in Mopere & SEGER- 
BERG’s 1906 paper as a table on page 45. A more detailed account writ- 
ten in November 1894 in Mopere’s handwriting was found together 
with the big collections made at the locality. Even though it differs 
but little from the section at TJERNVIK’s locality, part of it is given 
here in translation. 


»At the top diabase & c. & c. 


a. 2.025 m Grey metamorphosed shale poor in fossils, with T'etragraptus fruticosus, 7. 
4-brachiatus, Didymogr. patulus, Obolella. 


b. 0.60 m Shale rich in Dichogr. octobrachiatus, Orthis, Obolella. Colour greyish-green. 
c. 0.55 m Shale poor in fossils, yet with dichograptids and Obolella. 
d. 1.64 m Shale with Trichograptus and Didymograptus balticus. 
e. 1.64 m Shale with Clonogr. multiplex, Tetragr. 4-brachiatus, Didymogr. filiformis, 
D. hirundo. 
1.49 m First a band rich in Orthis & Obolella that also occur more sparsely in the 


i 
lower part of the division. 

g. 9.19 m Two thick-layered bands of bluish-grey, sparsely fossiliferous shale. 

h m Blue (partly weathered) glauconitic limestone with Megalaspis & Symphys- 

urina. 

% 1.22 m_ Black shale with Tetragraptus phyllograptoides, a new graptolite (crude 
sketch), Didymogr. hirundo, Tetragr. serra (immediately under h there is a 
hard layer, according to ScHMALENSEE = abundantly pyritic layer). 

k. 0.66 m Lighter, more carbonatic shale with same graptolites as above (but more 
sparsely) plus trilobite fragments and nodules or nodular parts of hard blue 
partly decayed (rock). Above as well as below and in these layers there are 
patches and bands of a hard (but decayed) purely black rock (»profy.). 
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1. 0.65 m »Bla kaka». ScumAaLENSEE here found Euloma ornatum, Megalaspides heroides 
and others.» 

2.26 m Alternating dark limestones, pyritous rock and diabase. 

2.50 m Upper Cambrian. 

The fossil determinations are largely preliminary and of historical, 
if any, interest. The Orthis referred to is »Protorthisy hunnebergensis and 
at least one other articulate brachiopod. 

The divisions a—g may easily be correlated with TsERNVIK’s zone of 
Didymograptus balticus. The zone of Tetragraptus phyllograptoides of 
his section is represented by i & k. Comparison between this part of 
the two sections will show that the local variation is not very great. 

Conodonts were found to occur in material from the divisions d—f. 
According to Mopera’s notes, the samples from d and e have been 
mixed, so the units have been brought together as de. To obtain ac- 
surate dating of the conodont faunas, I determined the graptolites 
found on the same slabs as the conodonts. The following species were 
round, 

Didymograptus balticus TULLBERG (f) 


» filiformis TULLBERG (de) 

» flexilis MONSEN (de) 

» holmi holmi TORNQuIsT (de) 

» holmi solidus MonsEN (d—f) 

» pusillus TULLBERG (de) 

» suecicus TULLBERG (de) 

» vacillans TULLBERG (de) 

» validus politus Monsun (de) 
Herrmannograptus cf. galgebergi MONSEN (de) 

» regularis (TORNQUIST) (de) 


Tetragraptus quadribrachiatus (Hau) (d—f) 
Trichograptus sp. aff. bulmani Monsen (f). 


The most common forms are Didymograptus holmi solidus (9 spmns), 
). vacillans (5 spmns) and Tetragraptus quadribrachiatus (4 spmns). 
Nidymograptus suecicus, D. vacillans, D. validus politus and Herr- 
annograptus regularis are not recorded below the zone of Didymo- 
ruptus balticus by Monsen (1937, pp. 255, 256). On the other hand, she 
oes not allow for D. flewilis and D. holmi holmi above the zone of 
lidymograptus validus. The rest of the fauna is shared by the zones of 
). validus and D. balticus in her table. It would seem that the conodont 
unas belong to MonseEn’s zone of D. balticus, which is the upper part 
f the zone of D. balticus of TéRNQUIST. 

In the above argumentation the Trichograptus is disregarded. It 
yrees fairly well with Monsen’s description of 7. bulmani (MonsEN 
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Table 1 
a Mossebo Gym- | Képings 
ic f ninge Klint 
| 
ACODUS A GUDLLO EUS ce) Ne kele ete tells) ele ioht ee eee | 3 1 
Acontiodus arcuanis..o. ..20 -c2c see eee eee 2} 
» TECEUS. TECEUS see ss Hand amv cies were 10 3 
» POCEUSNSUICOLUE crore aecttneiekorsyatens eo ahs | 1 
DiStacodUs, CLP ONSUS a,..<)o1e is) aie cists «Patel eln ota tels v= ate 6 6 39 
» StOld “StOLasnek + acs hetero crate eee aes 4 : 8 2 4 
» SOLD WOEUS® ivaihiarecore erie eee ee 1 
» 2, STge SY sn ease eh chal ste ai stein teen eee aa etere 2 2 
DFE DANOMUS CUCUMEUSY. rele teks eel aietat eicteto tetas Teele 4 4 ef 4 
» Clas ORCUAHUS .. Se atais pou ote 9 19 IS 
» AOMBOCUTVALUS). < Sos oa cee lees wees 1 6 
» LONGUDASES pale isle RNAS eS ts OOP E 1 
» jE NMOS ys a Oe GE al Loo Sco aae 3 1 38 
» SLATES Bi cy BORO PACD MAD OCIS ON mea 7 14 5 
» SCUL PORE te acre teiswl oe eeeras ences 2 9 
» SULOCTECEIES: A tis, wseaelo Obs cree Een IED I 1 4 
GLOGS PrOOeNNGVUS =< n\n anise s\n = sys ire 2 
Oepikodus smathensis: «-\. 10s eis ace sei ae | 45 
Oepikodus Tes Dy cies a6 mie «foe Sacer: «Soke 3 6 
Ovstodus cOntraChUS.... 1. tee One SORES ks oot 1 

» CUD SIO ek ee ae aa ne 1 

> POV OE DS A ac fee errant s orads lois uaa chair eg Recerca 5 10 17 33 

» LANCEOLREUG Oe eee alo oe ees 16 5 1 3 

» LOT UN GNVS Ae Bate: <a eta ate he ere ceandateest ) 

» DOPCLVCLIES teres okaraiepsis¥oyctaleres sie wigs aa 6 5 2 

» BELEN anise ds ale he wee eee eae ee 5 1? 

» WANGULATIS Os wena. se qpiaie cid WOR Came 65 54 2 
Privoniodina 2 ee fle tee ois: scayelis eos 0,511 sysimyey yew cis, & 1 3 3 
Prioniodus Cl. elegavs shee ss oR ce ee ek ose cae ore 5 
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Textfig. 1. Graphic recon 
struction of deformed cono 
donts. The amount of de 
formation is indicated by 
the originally circular bra 
chiopod. A hypothetical de 
formed specimen is recon 
structed and then compar’ 
ed (dotted outline) with the 
reconstruction (full line) 
See the text, p. 169. 
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1937, p. 202), however the stipes are often smoothly curved. No proxi- 
mal portion was found. 

The following observations were done on the mode of occurrence of 
the faunas. The graptolites are not seldom preserved in full relief, 
with a filling of (mostly decomposed) pyrite. Young specimens and 
siculas are quite frequent. S-surfaces are seldom covered by graptolites, 
but in one of the rare cases where this does occur, the tangle of grap- 
tolite fragments is broken by rather densely spaced, about 7 mm wide, 
bare, circular patches quite like those described by SroRMER (1938, 
p- 173). Like him, I must interprete them as due to percolation of gases 
that originated from the decomposition of organic matter, 7. e., at times 
the bottom waters must have been toxic. The conodonts, on the other 
hand, mostly occur with fragmentary inarticulate brachipods, oc- 
easionally also with »Protorthis», a few rare ostracods and Rhabdochitina 
sp. In some cases, they actually make up part of the filling of organism 
borings. 

For comparison with the conodont faunas of Mossebo, samples of 
limestone from the strata with »Protorthis» hunnebergensis of Gymninge 
and Képings Klint were digested in diluted acetic acid and the residues 
were searched for conodonts. The faunules recovered in this way were 
quite abundant. The samples were kindly supplied by Dr. TsERNviK. 
The faunas are listed in Table 1, with the numbers of specimens found. 

The species listed, except the new ones, are described in LinpsTROM 
1955 a. 

The Distacodus? n. sp. in Table 1 is narrow, curved and horn-shaped, 
with a long base and a very small, proclined cusp. The Oepikodus n. sp. 
differs from O. smithensis in having smoother sides, slenderer posterior 
process and more robust denticles that may be sub-equal in size. The 
lateral processes are small and not very obvious. 

The faunas of the units de and f of Mossebo (Table 1) are practically 
identical. They possess some forms that are listed by LinpstrOm 
(1955 a, pl. 10) as characteristic of the Upper Planilimbata Limestone, 
viz. Distacodus expansus, Distacodus stola, Drepanodus planus, Dre- 
panodus suberectus, Oistodus lanceolatus, Oistodus triangularis and 
Prioniodina? deflera. All of them except Distacodus expansus are shared 
with the sample from Képings Klint. On this evidence it might seem 
justified to regard the strata under consideration as belonging to the. 
Upper Planilimbata Linestone and not to the Lower, where TyERNVIK 
supposes them to belong. However, the Mossebo and Képings Klint 
materials have another thing in common, which is that they do not 
contain a single specimen of Oepikodus smithensis, Oistodus longiramis 
and Prioniodus evae, all of which are abundant at the base of the Upper 
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Planilimbata Limestone. Other faunas that also contain Dzstacodus 
expansus, Distacodus stola and Oistodus lanceolatus and lack Oepikodus 
smithensis, Oistodus longiramis and Prioniodus evae have been found 
just below the base of the Upper Planilimbata Limestone at Skultorp 
(sample 4, Linpstrém 1955 a, pl. 8, where it is included in the Upper 
Planilimbata Limestone) and Horns Udde (northernmost Oland; not 
published). Oepikodus smithensis was listed among the species from the 
stratum in question at Skultorp in Lrypstr6m 1955 a, pl. 10, but this 
identification is wrong, the variability of Oepikodus smithensis having 
originally been overrated. Instead, the Skultorp material belongs to 
Oepikodus n. sp., Gothodus cf. costulatus LixpstR6M and Tetraprionio- 
dus? sp. 

In this connection, it should be remarked that the whole of plate 10 in 
LinpstrR6M 1955 a is misprinted, not only a few columns, as mentioned 
in a correction (LINDSTROM 1955 c). All the columns of figures should be 
moved two steps to the right relative to the heads. 

From the above it appears that there is an intermediate conodont 
zone between the Lower Planilimbata Limestone (»Hunneberg Group») 
and the Upper Planilimbata Limestone (»Billingen Group») and that 
this conodont zone is equivalent to the zone of Didymograptus balticus. 
The strata with »Protorthis» hunnebergensis at Gymninge do not belong 
to this zone but to the lowermost part of the Upper Planilimbata Lime- 
stone proper. 


2. Morroch Bay 
The locality and the graptolites 


Morroch Bay is situated in SW Scotland, on the west coast of the 
Rhinns of Galloway, 1*/, miles south-east of Portpatrick. It contains 
a beautiful exposure of folded and faulted Ordovician shales and grey- 
wackes that has been described by Peach & Horne (1899, pp. 401— 
408). The general strike is NE—SW. There are three big intrusive dykes 
that the said authors numbered from the south-east 1, 2 and 3. Cono- 
donts were found in a c. 20 cm thick band of the black graptolitic 
shales, out in the tidal belt, 20 metres seaward from the present bound- 
ary between the exposure and the sandy beach and 34 metres south- 
east of dyke 3. The black shale at this point dips steeply to the south- 
east and is overlain by grey mudstone. 

The National Grid Reference of the locality is 25/017525. 

The rock is a rather soft, rather thinly splitting black shale that 
gives a dark-grey dull streak when scratched with a knife. It contains 
a good deal of fine-crystalline pyrite that was, to some extent at least, 
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formed before the compression of the shale, chitinozoa being commonly 
preserved in full relief due to a filling of pyrite. Otherwise, all fossils 
are flattened. This band of the shale has suffered exceptionally little 
from tectonic distortion. | 

Of fossils, chitinozoa (Conochitina sp. and Leiosphaera? sp.) are sparse. 
An inarticulate brachiopod referred to by Peacu & Horne as Acrothele 
granulata is fairly common. It is very thin-shelled, roughly circular in 
outline, somewhat conical, with the apex about 1/4 the diameter from 
the posterior border and the average diameter about 3 mm. The only 
ornament is growth-lines. One can often see a distinct wrinkle running 
between the apex and the posterior border. The brachiopod may be a 
Paterula sp. 

The following graptolites were identified. 

Dicellograptus cf. pumilus Lapw. (1 very incomplete spmn) 

Dicranograptus nicholsoni HorKINson (4 spmns) 


» cf. ramosus (HALL) (1 incomplete spmn) 
» ziczac Lapw. (1 spmn) 


Climacograptus bicornis (HALL) (8 spmns) 
» brevis Ertes & Woop (4 spmns) 
» cf. minimus (CARRUTHERS) (1 spmn) 
» scharenbergi Lapw. (4 spmns) 
» wilsont Lapw. (1 spmn) 
Orthograptus calcaratus (LArw.) (1 spmn) 
» rugosus apiculatus Ettes & Woop (1 spmn) 
» truncatus truncatus (LAPw.) (2 spmns) 
» truncatus intermedius Exttes & Woop (4 spmns) 


Mesograptus cf. compactus Ettes & Woop (1 spmn) 


Amplexograptus arctus Extes & Woop (1 spmn) 
» perexcavatus (LAPW.) (3 spmns) 


Cryptograptus tricornis (CARRUTHERS) (17 spmns) 
Lasiograptus harknessi (NICHOLSON) (2 spmns) 
Corynoides calicularis NicHoLson (28 spmns). 


Thus, the most abundant species are, in the following order, Corynor- 
des calicularis, Cryptograptus tricornis and Climacograptus bicornis. 

One good specimen of the index fossil of the Climacograptus wilsoni 
zone was found. The three common species mentioned all are said to 
culminate in this zone (cf. Ettes & Woop 1901—1918, pp. 298 & 
195, SrracHan 1949, p. 157). Of the species identified with certainty, 
some with a wide vertical occurrence reach their maximum develop- 
ment in the wilsoni zone, viz. Dicranograptus nicholson, Orthograptus 
truncaius intermedius and Lasiograptus harknessi. Climacograptus scha- 
renbergi and Amplexograptus arctus reach as high as this but not higher, 
according to Extes & Woop. Orthograptus calcaratus has not been 
found at a lower level than this in Scotland, whereas in Scania R. 
Nitsson has found it in a peculiar mixed fauna that should be of 


an earlier age (Nizsson 1953, p. 45). 
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Plate 1 


Conodonts from the Climacograptus wilsoni zone of Morroch Bay. All magnified 54 x. 
The catalogue numbers refer to the collections of the Institute of Paleontology of the 
Lund University, where the specimens are deposited. 


Figs. 1, 2. Acontiodus n. sp. 1, p. 170. Fig. 1, LO 3843 t, nearly entire specimen with 
base of cusp preserved as mould. Fig. 2, LO 3844 t, entire specimen with base preserved 
as mould, fragments of original sheath remaining. 


Figs. 3—6. Acontiodus n. sp. 2, p. 172. Fig. 3, LO 3845 t, entire specimen, except for 
posterior part of base. Fig. 4, LO 3846 t, entire specimen with base preserved as mould. 
Fig. 5, LO 3847 t, mould of entire specimen. Fig. 6, LO 3848 t, mould of entire specimen. 


Fig. 7. Oistodus n. sp., p. 174, LO 3849 t, mould of entire specimen, somewhat defect 
just above antero-basal angle. 


Fig. 8. Oistodus sp., p. 174, LO 3850 t, entire specimen with basal cavity and parts 
of cusp preserved as mould. 


Figs. 9, 10. Scolopodus n. sp., p. 176. Fig. 9, LO 3851 t, entire specimen with part of 
basal sheath broken away and apex of cusp dissolved to reveal mould. Fig. 10, LO 
3852 t, mould of entire specimen. 


Figs. 11, 12. Acontiodus n. sp. 3, p. 172. Fig. 11, LO 3853 t, mould of entire specimen. 
Fig. 12, LO 3854 t, entire specimen, save for apex of cusp; mould of basal cavity broken 
away to reveal mould of other side. 


Fig. 13. Drepanodus n. sp., p. 173, LO 3855 t, entire specimen with apical half of cusp 
dissolved to reveal mould of other side. 


Fig. 14. Acodus n. sp., p. 170, LO 3856 t, mould of one side of entire specimen. 


Figs. 15—19. Periodon n. sp. aff. aculeatus Happi1ne, 1913, p. 174. Fig. 15, LO 3857 t, 
entire specimen, except for ? posterior part. Fig. 16, LO 3858 t, entire specimen, except 
for ? posterior part. Fig. 17, LO 3859 t, entire specimen with apex of biggest denticle 
preserved as mould and posterior part ? missing. Fig. 18, LO 3860 t, almost complete 
specimen, partly preserved as mould. Fig 19, LO 3861 t, probably a fragment of the 
posterior part of this species. 


Fig. 20. Prioniodus ? sp., p. 176, LO 3862 t, specimen with base preserved as mould. 
Fig. 21. Ambolodus cf. elegans Ruopus, 1953, p. 172, LO 3863 t, mould of inner side 


Fig. 22. Prioniodina ? n. sp. 2, p. 175, LO 3864 t, specimen with base and some of den- 
ticles preserved as mould. 


Fig. 23. Prioniodina ? n. sp. 1, p. 175, LO 3865 t, entire specimen with base of cusp 
preserved as mould. 


Fig. 24. Bryantodina sp., p. 173, LO 3866 t, fragmentary specimen largely preserved as 
mould of one side. 


Figs. 25, 26. Falodus n. sp., p. 173. Fig. 25, LO 3867 t, specimen with apex of cusp 
lost and with base largely preserved as mould. Fig. 26, LO 3868 t, fine specimen with 
antero-basal part preserved as mould. 


Fig. 27. Cordylodus ? sp., p. 173, LO 3869 t, entire specimen with apex of cusp preserved 
as mould. 


Fig. 28. Gen. & sp. indet., p. 176, LO 3870 t, whole specimen dissolved to reveal mould. 
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‘W. Circle no 1 surrounds a band of 


Plate 2. Morroch Bay, at low tide, looking N 
ted shale containing conodonts, obviously the Morroch Bay locality of Joun 
SMITH, 1907. At the centre of circle no 2 is the band of conodont-carrying black 
graptolite shale treated in this paper. The photograph, by Vera Elkan, isa gift 
from Mr Jim Wither, Esq., of Portpatrick. 
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Dicranograptus zezac, Climacograptus brevis and Orthograptus rUugosUus 
apiculatus have not, as far as I know, been found above the zone of 
Climacograptus eltifer, whereas Orthograptus truncatus truncatus is 
regarded by EttEs & Woop as confined to the zone of Dicranograptus 
clingani and higher strata. However, it has also been found in the upper 
part of the Harnage Shales of Shropshire (BurMAN 1948, p. 227) that 
may be of an earlier age than the clingani zone. 

The fauna belongs to the Climacograptus wilsoni zone. but due to 
the differences between the known ranges of some of the species, one 
cannot regard this as a very exact stratigraphic determination. 


The conodonts 


The conodonts occur scattered as very small white specks on some 
shale surfaces. The layers in which they are the most abundant are as 
a rule indicated by the presence of the conspicuous Paterula? sp. 

The preservation is not the best, due to compression of the sediment 
during consolidation, as well as to later tectonic deformation. Some of 
the phosphatic material seems to have been dissolved during the flat- 
tening. In spite of this, a little more than 150 specimens were found that 
could be brought to identifiable taxa. 

As for the deformation, its amount could be calculated from the 
brachiopod shells that were oriented at different angles to the tectonic 
b-axis. It was found that they must have been very nearly circular 
when undeformed. The mean value of b/a (see fig. 1) was found to be 
1.28. The maximum lengthening will be + V1.28=1.13 xX. The 
maximum deformation of any angle is that from 90° to 76° or 104°. 
With these data available, it was possible to reconstruct the shape of 
the specimens by applying a »deformed» grid to the drawings of their 
actual shape and then transferring the outlines to corresponding co- 
ordinates in an »undeformed» grid, 7. e. a square net. The longest co- 
ordinate of the »deformed» grid must be parallel to the b-axis of the 
specimen. This axis is easily found by means of innumerable micros- 
copic wrinkles on the surface on which the specimen is exposed. See 
fig. 1. For the results of this procedure, see fig. 2. Since I have only 
been concerned with reconstructing outlines, not with areas, I have 
not taken the trouble to draw the square net with the units equal to 
the square root of the long axis in the »deformed» net as should other- 
wise have been done. 

The specimens are much too brittle to be removed from the matrix. 
When sufficient material was available, the species are described from 
lifferent aspects of entire specimens, as well as from moulds. In a good 


~~ 
\ 


170 MAURITS LINDSTROM | Mars—April 1957 


number of cases, notes were taken of the appearence of the exposed 
side of an entire specimen that was then dissolved by HCl, whereupon 
the mould of the opposite side was studied. Where a species was repre- 
sented by but a single specimen, this was either partly dissolved, or 
the judgments on the species were restricted. 

Although the majority of the material seems to belong to new species, 
no new names are proposed, first because shale specimens as a rule are 
not suited as types, due to the difficulty or impossibility of studying 
them from all sides, secondly because none of these particular specimens 
is in every way ideally preserved. Thus, whereas the whole of the 
faunule is a rather satisfactory material for determination, no single 
specimen is suited to illustrate the mean of a species. 

The terminology used on describing the species is the same as in 
Liypstr6M 1955 a & b. Even in simple species the oral edge is oriented 
horizontally, since it is clearly homologous to the oral margin of com- 
pound species. Compound conodonts may originate as simple ones. 
The relation between the cusp and the oral edge, expressed by the 
terms proclined, erect, recurved & c., is of some systematic signifi- 
cance on the species level. 


Acodus n. sp. 
Pl. 1 fig. 14, textfig. 2. 


The cusp is about as long as the base, slender, somewhat proclined 
and a little curved. The base widens at about 20°, is slightly curved 
and provided with a fine longitudinal costa a little above the middle 
on one side. The other side seems to be smooth. The anterior and pos- 
terior edges are sharp. 

The species differs from Paltodus unicostatus Branson & MEHL, 
1933 (p. 42) m possessing a less proclined cusp and a costa that is 
nearer to the oral than the anterior margin. 

Material: 10 specimens. 


Acontiodus n. sp. 1. 
Pl. 1 figs. 1 & 2, textfig. 2. 


The cusp is suberect and about as long as the base, or, where the latter 
is complete, about half as long as the base. It leaves the base in a broad 
curve and is then straight. It is slender and pointed. The posterior edge 
is but feebly developed, whereas the postero-lateral costae that run 
along the whole of the unit are prominent and not very thin. The 
oral and anterior margins of the base make an angle of about 30°. The 
aboral margin is gently convex. The base, where complete, is about 
twice as long as the cusp. In that case, the posterior half of it has always 
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Textfig. 2. Reconstructed conodont outlines (full lines) compared with the outlines of 
the actual specimens (dots). The specimens are those of plate 1, and the numbers are the 
same as on the plate. Magnification of the reconstructions, 48 x. 
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collapsed and is quite flat. One specimen shows a fine longitudinal 
striation on the base. 

The species shows some resemblance to Distacodus stola LINDSTROM, 
1955 a (p. 556). The main difference from that species is the much 
farther posteriorly and orally situated costae. 

Material: 10 specimens. 


Acontiodus n. sp. 2. 
Plate 1 figs. 3—6, textfig. 2: 


The cusp is long, about 4 x the length of the base, and somewhat 
recurved. It is sharp-edged and with well rounded sides. The antero- 
basal angle is about 90°. The basal part of the anterior edge is vertical 
or somewhat recurved. The aboral margin is smoothly convex. The oral 
edge is rather short. The basal cavity is conical. On each side near 
the posterior edge there runs a sometimes rather faint groove. 

Material: 11 specimens. 


Acontiodus n. sp. 3. 
Plate 1 figs. 11 & 12, textfig. 2. 


The cusp is slender, somewhat recurved and at least 11/, as long as 
the base. The basal cavity is deep. It is triangular in outline and fills 
the whole of the base. The latter is compressed from the sides. Its oral 
and anterior margins diverge by 45°—60°. The aboral margin is slightly 
convex. The cusp carries a costa on each side of the posterior edge. These 
costae run a short distance down on the base, where there may also be 
another, more orally situated costa on each side. 

Should Drepanodus verutus Happine, 1913 (p. 31) be an Acontiodus 
(see Linpstrém 1955 b, p. 108), the present species might be hard to 
distinguish from that of Happrna. 

Material: 8 specimens. 


Ambolodus cf. elegans Ruopxs, 1953. 
Plate 1 fig. 21, textfig. 2. 


One small specimen showing the inner side. The processes are rather 
slender and diverge at about 110°. Along their sides there runs a marked 
ridge. The anterior process carries four laterally fused denticles, the 
posterior process five denticles that are more free. The cusp is broken 
at the base. It seems to have been erect and somewhat bigger than any 
of the denticles. The basal cavity (mould broken away) is deep. 

What can be observed agrees with the characteristics of Ambolodus 
elegans RuoveEs, 1953 (p. 278). 
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Bryantodina sp. 
Plate 1 fig. 24, textfig. 2 


The species is nearly symmetrical, with one big, erect, slender, sub- 
central denticle and 4—5 smaller denticles, one or two of which may 
reach above the others. The denticles are not much divergent and the 
unit is but little arched. There may be a rounded carina on the face of 
the denticles. No trace of a basal cavity has been found. 

Material: 3 specimens. 


Cordylodus? sp. 
Plate 1 fig. 27, textfig. 2 
Only one specimen was found. The process seems to be short, with 
but 3 small, sub-equal, laterally fused denticles. The cusp is big, slightly 
recurved, laterally compressed, with smooth, rounded sides. Basally, 
the anterior edge is recurved. The aboral margin is slightly arched. 


Drepanodus n. sp. 
Plate 1 fig. 13, textfig. 2 


One specimen. The cusp is long, proclined and rather slender, merging 
into the base. The edges are sharp but not thin and the sides are prov- 
ided with rounded carinae that reach the aboral margin. The anterior 
edge is sub-parallel to the posterior edge all along the unit, even down 
on the base, so that base and cusp can hardly be told apart. The antero- 
basal angle is about 90°. The aboral margin is slightly convex. 

The species differs from other species of the genus by possessing a 
long, straight, proclined cusp and a quite narrow base. 


Falodus n. sp. 
Plate 1 figs. 25 & 26, textfig. 2 


The cusp is strong, reclined at about 45° and about as long as the 
base. Antero-basally and well above the junction between the cusp 
and the base there is a row of small, fused, suberect and a little curved 
denticles, the highest of which may be free apically. In the biggest 
specimen there are 6, in smaller ones generally but one, this one being 
mostly free at its apex. The oral margin makes an angle of about 90° 
with the anterior margin of the base. The antero-basal angle is less 
than 90°. The aboral margin from here runs backward along a sinuous 
course, making a slight downward bulge at its middle. The posterior 
basal angle is quite sharp. The oral edge is straight or slightly curved 
and raised into a thin lamina. The cusp is sharp-edged. Its sides are 
provided with carinae or are nearly smooth. 

Material: 16 specimens. 
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Oistodus n. sp. 
Plate 1 fig. 7, textfig. 2. 


The cusp is twice as long as the base, reclined at 50°, rather narrow 
and quite straight. There is a submedian rounded lateral carina, other- 
wise it is smooth. The oral edge is straight and sharp. The aboral margin 
is somewhat convex. The antero-basal angle is about 75°. 

The species is similar to Oistodus inclinatus BRANSON & MEHL, 1933, 
as figured by SANNEMANN (1955, pl. 1, figs. 23, 24), but the oral edge 
of SANNEMANN’s specimens is shorter and the-aboral margin more 
strongly convex than in my specimens. 

Material: 2 specimens. 


Orstodus sp. 
Plate 1 fig. 8, textfig. 2. 


The cusp ‘is strongly reclined, making about 30° with the oral edge. 
It is blade-shaped, very straight and pointed. It is about 1*/, as long as 
the base. The anterior edge is straight. It meets the aboral margin at 
about 70°. From this point the aboral margin curves at first slightly, 
then, after a short distance, strongly backward so that its posterior 
and main part runs parallel to the anterior edge. The oral edge is straight. 
A strong and rather sharp carina runs on each side of the cusp. The sides 
of the base are gently convex. The oral margin of the basal cavity is 
straight. 

The specimens resemble Orstodus forceps LINDSTROM, 1955 a (p. 574) 
but in that species the cusp is thinned out at the edges to an extent 
not found in the present specimens, the anterior end is more angular, 
and there is an aboral undulation on one side of the base. Oistodus 
venustus STAUFFER, 1935 (p. 147) and the material brought to that 
species by Ruopxs (1953, p. 295) seems to have a shorter cusp without 
conspicuous lateral carinae. 

Material: 14 specimens. 


Periodon un. sp. aff. aculeatus Happine, 1913. 
Plate 1 figs. 15—19, textfig. 2. 


This Periodon is very close to P. aculeatus Happine, 1913 (p. 33. 
See also LrnpstROm 1955 b, p. 110) in all respects except that there is 
a greater number of smaller denticles between the cusp and the biggest 
denticle than in P. aculeatus. In that species the mean number of such 
denticles is 5.6, derived from a sample of 26 specimens from different 
localities, with variation between 3 (2 spmns) and 8 (1 spmn). In the 
Morroch Bay species the mean number is 6.9, from 25 specimens, the 
variation being between 3 (1 spmn) and 10 (3 spmns). The basal cavity 
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is rather big and seems to reach as far back as the biggest denticle. 
The »inverted basal cavity» typical to P. aculeatus could not be observed, 
not necessarily because of bad preservation. The cusp is thin and 
rounded in section, with a costa on one side and on the other a row of 
a few antero-lateral denticles that reach higher than in P. aculeatus. 
The denticles of the posterior process are blade-shaped and strongly 
reclined, sometimes with faint lateral carinae. The aboral margin is 
arched, mostly strongly so. In a few specimens that cannot at present 
be kept apart from the rest of the material, there is a long, straight 
continuation of the process posterior to the biggest denticle. This 
continuation shows an alternation of bigger and smaller denticles, gener- 
ally with a few smaller ones to each big one. The denticles of the con- 
tinuation are erect. 
Material: 40 specimens. 


Prioniodina? n. sp. 1. 
Plate 1 fig. 23, textfig. 2. 


The processes are subequal in length and diverge at about 130°. 
The cusp is big, about three times as long as the denticles, and slightly 
reclined. It is pointed, sharp-edged, with lateral carinae. The denticles 
point in about the same direction as the cusp. They are flattened from 
the sides, fused basally and rounded at the points. The denticles of 
both processes are of about the same size. The aboral margin is slightly 
arched, with a bulge beneath the cusp. The basal cavity flares but little 
to one side, strongly to the other. 

This species has a bigger cusp and fewer denticles than Ozarkodina 
enuis BRANSON & MEHL, 1933 (p. 128) and a less symmetrical basal 
savity than Ozarkodina macrodentata GRAVES & ELiison, 1941 (p. 14). 

Material: 18 specimens. 


Prioniodina? n. sp. 2. 
Plate 1 fig. 22, textfig. 2. 


A rather strongly arched species with big, somewhat recurved or 
eclined cusp that carries rather sharp lateral carinae and may be as 
nuch as 4 times as long as the denticles. The processes make an angle 
f£ 100°—145°. The denticles are slender, reclined and seemingly not 
used. There may be at least as many as 7 of them on the posterior 
rocess and slightly fewer on the anterior. The aboral margin is arched. 
"he basal cavity stretches along the whole of the unit. It flares strongly 
o one side, just behind the cusp, and very little to the other. 

If the slender and more or less discrete denticles are considered 
ogether with the deep and rather wide basal cavity, this species may be 
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brought to the genus Prioniodina. On the other hand, it resembles 
species of Ozarkodina in enclosing an angle of more than 90° between 
the processes. One might well argue that Ozarkodina should be restricted 
to blade-shaped units with rather small cusp, high and well fused 
denticles and a shallow basal cavity that may be absent along the 
processes. In that case, neither of the two species just described will 
belong there. 
Material: 9 specimens. 


Prioniodus? sp. 
Plate 1 fig..20, textfig. 2. 


One small specimen. The cusp is big, suberect, with a lateral carina. 
The anterior and posterior processes make an angle of about 80°. The 
posterior process carries 4 small, discrete denticles, the anterior process 
but one, tather conspicuous. The mould of the basal cavity proves the 
existence of a lateral recurved process. The aboral margin is arched. 


Scolopodus n. sp. 
Plate 1 figs. 9 & 10, textfig. 2. 


The cusp is long and slender, slightly recurved, not sharply offset 
from the base. Postero-laterally there is on each side a deep, angular 
furrow that extends the whole length of the unit. The anterior margin 
is rounded, sub-parallel to the posterior margin all the way to the 
antero-basal angle. The latter as a rule is more than 90°. The basal 
cavity is sharply conical and follows the anterior margin. The whole 
unit is smoothly curved. 

Material: 3 specimens. 


Gen. & sp. indet. 
Plate 1 fig. 28, textfig. 2. 


A symmetrical fragment (?) consisting of a very big central denticle 
that is smoothly lanceolate in section and, in the same plane, to eacl 
side of this big denticle, 3—4 small, slender, laterally fused and erect 
denticles. In the figure, they are partly covered by matrix. The bas 
is somewhat arched. The basal cavity is deepest at the centre, with : 
small deepening at the base of each small denticle. 


Comments and conclusions 


The conodont fauna of the zone of Didymograptus balticus of Mosseb 
belongs to a conodont zone that is characterized by Distacodus expansu: 
Distacodus stola, Oistodus lanceolatus and Oistodus triangularis. Thi 
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zone occupies an intermediate position between the so-called Lower 
and Upper Planilimbata Limestone. The characteristic species range up 
into the Upper Planilimbata Limestone, where they may even be 
abundant, but there they are associated with other species peculiar 
to this division. An interesting feature of the Mossebo faunas is the 
predominance of Orzstodus triangularis over other species of similar 
shape and size. When conodonts are found in natural assemblages, 
each assemblage representing the remains of an individual, their rela- 
tive numbers tend to be constant. Even when the assemblages are dis- 
arranged, scattered and mixed, their components should occur in more 
or less constant proportions in the sediment, provided that they have 
the same hydrodynamic properties. On the other hand, occasional 
mass-occurrences of single form-species seem to indicate that the 
form-species in question may not have been associated with other 
form-species in the same organism but may, in fact, represent true 
species. 

The relationships of the Morroch Bay conodont fauna to other 
Caradocian faunas are not very strong. Only Ambolodus elegans seems 
to be shared with the roughly contemporaneous Pen-y-garnedd and 
Gelli-grin faunas of Wales. On the other hand, the most abundant 
element, Periodon n. sp. aff. aculeatus, is closely related to a Swedish 
Llandeilian species. — It is astonishing to find the genus Acontiodus 
so well represented in the zone of Climacograptus wilsoni, the upper 
limit of the genus having been supposed to be in the Llandeilian (ef. 
SANNEMANN 1955, p. 4). 

In both the cases investigated, conodonts are not found with grapto- 
lites alone but also with brachiopods. Where there are many brachiopods 
there are also many conodonts, whereas the conodonts become scarce 
or do not occur in strata that yield many graptolites but no brachi- 
opods. Where the bottom conditions during deposition were clearly 
anaerobic, as in at least one case known from Mossebo, no conodonts 
have been found. A very interesting fact is that most of the inarti- 
culate brachiopod shells of the Mossebo conodont layers are very frag- 
mentary. This is probably due to the actions of bottom-dwelling orga- 
nisms, no condition having been found to support the theory that the 
fragmentation was purely mechanic. That would have meant washing 
along a shore or at any rate by strong currents, but no other debris 
has been found that could have been derived from such a source, nor 
are there any signs in the shale of a turbulent milieu of deposition. 

In addition to graptolites and brachiopods, chitinozoa and ostracods 
occur together with the conodonts. 

Two other accounts of conodonts in graptolite shales are known to me. 
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Happine, in 1913, described a fauna from W Scania that occurs in 
»a thin, granulated stratum, rich in ostracods, brachiopods and anne- 
lidan jaws» (Happrine 1913, p. 14), The »annelidan jaws» are known to 
be conodonts. R. Nizsson, in 1952 (p. 684) listed some of HappDING’s 
conodonts from a locality in SE Scania, where they occur in abundance 
in little patches together with brachiopod shells. There are also 


ostracods. 
Thus, whereas it may be that conodonts are not to be found in 


abundance together with purely graptolitic macro-faunas, it will pos- 
sibly be worth the trouble to look for them where the graptolites are 
intermingled with brachiopods, ostracods and traces of benthonic life. 
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Loévas gruya 
Av 
NIKoLAI PrnaAva-PopGuRSKI 


Abstract 


The present paper includes the results obtained by geological survey during mining 

— in the since 1954 abandoned and submerged Lévas mine, situated in Central 
weden. 

The ore occured in the supracrustal leptite formation, which belongs to the Archean. 
The ore minerals were argentiferous galena, zincblende and some magnetite. 

The peculiar large-scale alteration of rocks, from the preponderance of magnesia termed 
ymagnesia metasomatism» and normally accompanying sulphidic mineralisation in Central 
Sweden, is lacking in Lévas. 
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Inledning 


Lévas gruva ar belagen 20 km SO om Falun vid sjén Nedre Klingens 
dstra strand. I foreliggande arbete ges ett sammandrag av i denna 
sruva vunna geologiska erfarenheter. Under senare ar har hartill fol- 
jande bidrag lamnats. 

Ar 1928 utforde davarande fil. kand. 8. LanpERGREN en under- 
sékning och geologisk kartering, frimst inom Augustaomradet pa 
76 m niva. Vidare har undersékningsorterna och atkomliga delar av 
ildre gruvrum under Ar 1933 geologiskt undersékts och karterats i 
skala 1: 800 av professor P. GEER. Ar 1944 karterade davarande 
eknolog B. Lirrke for sitt examensarbete (under professor Nils H. 
Magnussons éverinseende) 76 m nivan och stérre delen av 113 m nivan 
skala 1: 200. Fran ar 1952 till gruvdriftens upphérande i november 
ir 1954 har geologiska arbeten utfdrts av fil. lic. N. Pirava. Dessa 
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arbeten har bestatt i kartering i skala 1 : 200 av 148 m, 180 m och delvi 
113 m nivaer jémte diamantborrhal samt 1 kartering av en del arbets- 
rum. Dessutom har i korrelationssyfte hégre tillgaingliga delar av 76 m 
nivan samt i mindre utstréckning 37 m, 47 m och 60 m nivaer granskats. 

For bendget tillstand att publicera detta arbete framfor jag mitt 
tack till AB Zinkgruvors tekniska direktér Sten-Erik Karlén. For 
fortjanstfull granskning av manuskriptet tackar jag GFF:s redaktor, 
docent P. H. Lundegardh. 


Historisk é6versikt 


Sedan gammalt har gruvorna i Lévas malmfalt (= Lovas gruva) 
indelats i tva grupper, némligen den norra, omfattande Stor- och 
Riddarstolpegruvorna, och den sdédra, till vilken hor Storgubben-, 
Prast- och Gamlegruvan. Gruvdrift har har forekommit sedan mitten 
av 1500-talet. Huvudprodukterna har varit silver och bly. 

Endast den norra gruppens gruvor har haft betydelse. Fér en nutida 
bedémare ter sig dock aven dessa gruvors ekonomiska betydelse som 
mycket ringa. Under tiden 1630—1878 har har namligen producerats 
endast 806 ton Pb och 2597 kg Ag. Gruvorna har under denna tids- 
rymd bearbetats 1 det nairmaste kontinuerligt, med endast smirre 
avbrott. Hela den ovannimnda blykvantiteten motsvarar ca 1 ars 
brytning 1 modern tid 1 Lévas. 

Gruvarbetet upphorde ar 1878, enligt F. R. TEGENcRENS Lovas- 
historik (1951) »troligen delvis till foljd av silverprisets stadiga nedgang 
under en foljd av ar. 

F. R. Tegengren uppger, att man fran borjan av 1600-talet till ar 
1878 ur det brutna berget utvunnit ca 10—15 % smaltmalm med 
10—30 % Pb. Den oskridda malmens blyprocent hade féljaktligen 
understigit 4,5 % Pb. 

Under 1600-talet uppges smiltmalmen ha innehallit anda till dver 
2 000 g/t Ag. Under 1700- och 1800-talen var silverhalterna lagre. De 
héll sig mellan 600 och 1,200 g/t Ag. I modern tid har blysligen (med 
70—80 % Pb) haft silverhalter av storleksordningen 700—1 000 g/t 
Ag. Foljaktligen har silverhalterna sjunkit ytterligare mot djupet. 

En plausibel forklaring till detta forhallande ar, att fyndighetens 
évre del utgjort en genom vittringsmetasomatos pa silver anrikad 
del, d. v. s. fyndighetens évre del har utgjort en cementationszon. 

Under gamla brytningsepoker uppges gediget silver ha patraffats | 
Lévas, men det har aldrig iakttagits i modern tid. Det gedigna silvret 
anses allmaént vara en produkt av sekundar omflyttning. 

Med ledning av silvrets upptridande i Lévasgruvan kommer mar 
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till foljande slutsats: Eftersom i gruvans djupare delar en stark minsk- 
ning av silverhalterna noterats i jimférelse med gruvans dvre delar, 
samtidigt som gediget silver icke lingre patriaffats trots mycket om- 
fattande geologiska arbeten, torde malmerna i gruvans djupare delar 
vara belégna inom den av dagvattnet opaverkade primirzonen. 

Brytning av kopparmalm har agt rum under tiden 
mellan 1738—1778. Kopparmalmen harstammade i huvudsak fran 
Adolf Fredriksgruvan. Malmproduktionen torde ha varit mycket 
blygsam. Salunda uppges, att under sex ars tid ur malm fran ett av de 
basta arbetsrummen endast framstillts 6 ton Cu. Ar 1771 bearbetades 
en 8 cm lang kopparmalm och ar 1772 en »god kopparmalm» med en 
langd av 13 m och en bredd av 0.6—0.9 m. Kopparmalmen uppges 
ha varit dels ren, dels uppblandad med bly och arsenik. 

Pa grund av héga metallpriser bearbetades Prins Carls Gruva och 
Augustaschaktet under tiden 1915—1919. Den i Prins Carls Gruva 
brutna malmen bestod fo6retraédesvis av zinkmalm. 


AB ZINKGRUVOR har under aren 1925—1935, med vissa uppe- 
hall, utfért undersédkningsarbeten med schaktsinkning (Prins Carls 
och Vilhelms schakt), ortdrivningar och diamantborrningar (huvud- 
sakligen pa 76 m niva). Det konstaterades darvid, att mer samlad malm 
upptrider i 3 4 4 malmstreck, respektive malmkroppar. Det stérsta 
var Augustastrecket pa 76 m niva. 
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Fig. 1. Lévasmalmens halter av bly + zink under aren 1944—1954. 
Contents of lead + zinc in the Lévas ore during the period 1944—1954. 
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Under sommaren ar 1941 begynte gruvdriften och varade till novem- 
ber Ar 1954. Till arsskiftet 19431944 omfattade gruvdriften tillred- 
ningsarbeten och kompletterande undersdkningar. Den 14 januari 
1944 igdngsattes anrikningsverket. Malmproduktionen har sedan dess 
varit av storleksordningen 25 000—30 000 ton malm per ar, och malm- 
produkterna har utgjorts av bly-, zink- och jarnslig. 

Den till anrikningsverket ingaende malmens halter av (Pb + Zn) 
har fran Ar till ar varierat i enlighet med diagrammet i fig. 1. 

De gynnsamma resultaten for aren 1953 och 1954 beror pa att under 
dessa ar till 6vervagande del brutits en god (genomsnittshalt = 13— 
15 % Pb+ Zn), genom omfattande undersdkningsarbeten mycket 
val kind malm, naémligen »Storgruvemalmen» mellan 139—175 m avv. 
Tillvaratagandet av fattiga malmer under tidigare ar har motiverats 
av den exceptionellt gynnsamma priskonjunktur for bly och zink, 
som varade fran bérjan av ar 1947 till och med forsta halften av ar 
1952. 


Fyndighetens geologiska huyuddrag 


Fyndigheten ar knuten till en kalkstenskropp med inlagringar ay 
kvartsit och jimnkornig leptit. Da och da forekommer i kalkstens- 
kroppen aven inlagringar av svartmalm. Detta s. k. kalkstens- 
komplex omges av porfyrisk leptit (fig. 2). Nagra friliggande par- 
tier av porfyrisk leptit har icke patriaffats inom kalkstenskroppen. 
Oregelbundna amfibolitgangar genomsiatter 1 olika riktningar samtliga 
ovanndémnda bergarter. Pa nagra stillen inom kalkstenskomplexet 
har utfallning av sulfider agt rum. De mest framtradande sulfidmine- 
ralen ar blyglans och zinkblinde. Dessutom férekommer sma mangder 
kopparkis, arsenikkis, magnetkis och svavelkis. 

Kalkstenskomplexet bildar en starkt sammanveckad synklinal, som 
mot NO slutar i form av in i den porfyriska leptitmassan inskjutande 
spetsar. Strykningsriktningen 4r i 
stort sett NO—SV. Kalkstenskom- 
plexets nordéstra anda faltstupar 
30°—40° mot SSV. 

I samband med _bergartslagrens 
veckning har en flytning av det 
. plastiska kalkstens- och svartmalms- 
Fig. 2. Schematisk profil tvars igenom inabariales se tryckminima agt rum: 
kalkstenskomplexet, som omges av por- Harigenom uppkom maktighetsfér- 

fyrisk leptit. skjutningar av kalkstens- och svart- 


Cross section of the limestone complea at 
Lévas (surrounded by porphyritic leptite). malmslagren. Genom att bergarts- 
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lagrens motstand mot de tektoniska krafterna pa olika hall inom 
kalkstenskomplexet varierat, har veckaxlarna stundom fatt olika rikt- 
ningar. I det fardigveckade kalkstenskomplexet utfalldes sulfider och 
intréngde grénstensmagma, som stelnade till amfibolitgangar. 


Bergarter 


Porfyrisk leptit. En Jjusgra till Husréd leptit med vanligen 
jamnt fdrdelade, upp till omkring 1 mm stora strékorn av kvarts, 
plagioklas och mikroklin. Sma parallella glimmerflickar férekommer 
instrodda i grundmassan. 

Jéimnkornig leptit. Hit hér alla de leptitlager, som finns 
inom sjalva kalkstenskomplexet. Fargen ar gra till mérkgra, stundom 
rodskiftande. Den jamnkorniga leptiten saknar strékorn och den por- 
fyriska leptirens sma, jémnt strédda glimmerflackar. 

Kvartsit. Bergarten liknar den jimnkorniga leptiten. Utan 
mikroskopets hjalp synes det vara omdjligt att avgoéra, vilken av de 
tva bergarterna som foreligger i varje enskilt fall. Bade kvartsiten och 
den jamnkorniga leptiten saknar tydlig skiffrighet. Vad betraffar korn- 
storleken ar de ofta hialleflintartade. Kvartsiten och den jémnkorniga 
leptiten upptrader i form av tunna bankar med tjocklekar fran nagra 
millimeter till en meter eller mer. Bankarna dr ofta sammanveckade 
och sénderdragna. 

Kvartsiter har tydligen uppstatt 1 samband med sulfidmalmsbild- 
ningen, eftersom i och intill malmerna endast patraffats kvartsit men 
icke jamnkornig leptit. Forfattaren har diremot icke kunnat fast- 
stalla i vad man den kvartsit, som 1 gruvan forekommer pa langre av- 
stand fran malmerna tillsammans med jaimnkornig leptit, ar att be- 
trakta som malmkvartsit eller kvartsit av sedimentiart ursprung. 

Kalksten. Tva typer av kalksten forekommer, den ena ar gravit 
och tamligen finkristallin. Denna kalkstenstyp innehaller ofta impregna- 
tioner av magnetit. Ibland ar magnetithalterna sa héga, att bergarten 
évergar i svartmalm. Stundom har i kalkstenen bildats impregnationer 
av PbS och ZnS. 

Den andra, som ar nagot mindre vanlig dn den foregaende, ar vit, 
i det narmaste tat och kritliknande. I denna kalksten upptradder ofta 
tunna skikt (upp till nagra fa millimeter tjocka) av gravit, gragul eller 
ljusréd farg, vilka vanligen bestar av epidot och granat i olika propor- 
tioner. Magnetit forekommer icke i denna kalksten, och sulfider ar 
sillsynta. 
 Dessa bada kalkstensvarianter bornerar ratt kraftigt vid reaktion 
med saltsyra. Alltsa féreligger icke i nagotdera fallet dolomit. Den i 
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mellansvenska kalkstenar mycket allmant forekommande ofikalciten 
saknas totalt 1 Lovas. 

Svartmalm. Svartmalm forekommer féretriédesvis 1 narheten 
av kalkstenskomplexets hangvagg. Magnetitkoncentrationerna upp- 
trader in med kalksten, an uppblandade med skarnmineral (granat, 
diopsid, tremolit samt mindre vanlig epidot och hornblande). De 
rikare magnetitkoncentrationerna har genomsnittshalter mellan 20— 
30. °%eHe; 

Uppkomsten av svartmalmsskarnet synes vara betingad av att under 
sedimentationsprocessen, samtidigt med karbonat- och jarnsubstans, 
aven tillrackliga mangder kiselsyra kommit till avsittning. Skarn- 
bildningen forefaller i huvudsak vara ett resultat av kemiska rekations- 
processer mellan de tre huvudkomponenterna utan némnvard substans- 
tillforsel utifran. 

Har och.var har patraffats utpraglat randig svartmalm, som bestar 
av valbevarade, i genomsnitt 5 mm breda skarn- och magnetitrander. 
Randningen tyder pa ett sedimentairt uppkomstsitt for svartmalmen. 
Sannolikt har det ursprungligen fven funnits en kalkrandig svart- 
malm, ehuru randningen senare utplanats av de tektoniska krafterna. 
Svartmalmens upptraidande i hingen utefter kontakten mot den por- 
fyriska leptiten framhiiver dess stratigrafiska horisontkaraktiir. 


Skarn. Ifraga om skarn kan féljande indelning tillémpas: 

. Svartmalmens reaktionsskarn. 

. Kvartsiters och jémnkorniga leptiters skarn. 

. Kalkstensskarn. 

. Skarn, som uppstatt 1 kalkstenskomplexets in 1 porfyrisk leptit in- 
skjutande spetsar. 

5. Skarn, som bildats i samband med sulfidbildningen. 


mw rh He 


1, Svartmalmsskarnet bestar av diopsid, tremolit, granat samt i 
mindre utstrackning av epidot och hornblande. 

2. I kvartsit- och leptitbankarna férekommer flickar och Adror av 
granat och epidot. Ofta upptrader bada mineralen tillsammans, men 
lika ofta bestar skarnet endast av nagot av dessa tva mineral. Granat- 
skarnet upptriider foretradesvis intill eller i naérheten av svartmalm. 
Ibland bildar granatskarnet en bard utmed kontakten mot svart- 
malmen. Epidot i sin tur bildar ibland barder utmed kontakten mot 
kalksten. 

Ktt helt annat skarn, som aven uppstatt pa bekostnad av kvartsit- 
leptitbankar, har morkgroén farg och innehaller instrédda sma ljus- 
roda granatkorn (med en diameter av 1—3 mm). Skarnets grundmassa 
bestar av hornblinde och darjamte av varierande halter av biotit och 
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klorit. Skarnet forekommer utmed kontakter mot svartmalm: bredden 
av dylika skarnskikt understiger for det mesta 0.5 m. 

3. Ett grovkornigt, massformigt diopsidskarn med granatflickar 
har uppstatt pa bekostnad av kalksten. Vidare forekommer i kalksten 
fina, gréna rander, som bestar av diopsid och som uppkommit genom 
omvandling av fina leptitrander. 

I den kritliknande kalkstensvarianten upptrader tunna rander (upp 
till ett fatal millimeter breda) av gravit, gragul eller ljusréd firg, som 
vanligen bestar av epidot och granat i olika proportioner. 

4. Kalkstenskomplexets i porfyrisk leptit inskjutande spetsar har 
utsatts for stérre tryck an det plastiska kalkstenskomplexet fér dvrigt. 
Av den anledningen har har uppkommit en speciell skarntyp, som 
fyller mellanrummet mellan den omgivande porfyriska leptitens vaggar. 
Skarnet ar ratt glimmerrikt och nagorlunda skiffrigt; stallvis ar skiff- 
righeten tillskarpt av en och annan skélig zon. Huvudmineralen dr 
hornblande, biotit, klorit jamte nagot granat. En mindre anrikning av 
FeS och CuFeS, har iakttagits. 

5. Det enda skarnmineralet, som synes ha ett direkt samband med 
bildningen av sulfidmalmerna, ar flusspat. Den har, 1 mindre mang- 
der, iakttagits endast intill och inom sulfidmalmerna. Mojligen kan 
dessutom en del av det med malmerna férekommande hornbliandet ha 
direkt samband med sulfidmalmsbildningen. 

Amfibolit. Talrikast forekommer amfibolitgangarna inom om- 
raden med sulfidmalmer. De har féljaktligen for sitt framtraingande 1 
stort sett varit hanvisade till samma delar av berggrunden som de 
lésningar, ur vilka sulfidmalmerna utfallts. Amfibolitmagmans genom- 
trangningsformaga har tydligen dock varit stérre an sulfidlosningarnas; 
amfibolitgangar forekommer néimligen inom nagot vidstracktare om- 
raden an sulfidmalmerna. 

»Amfibolitinjektionen» har fatt karaktéren av en oregelbunden 
genomadring. Pa grund av amfibolitkropparnas oregelbundna former 
har det icke varit mojligt att under gruvarbetets gang gora nagra som 
helst forhandskalkyler betraffande kropparnas utbredning. 

Amfiboliterna ar finkristallina, morkt gragréna bergarter utan 
skiffrighet. Huvudbestandsdelarna ar hornblinde och plagioklas. 
Plagioklasen ar ofta omvandlad i sericit och epidot. Férutom de tva 
huvudmineralen forekommer i grundmassan mindre mangder biotit, 
epidot och titanit. Nagra av gangarna har porfyrisk utbildning med 
culaktiga strodkorn, som bestar av till epidot omvandlad plagioklas. 
De stérsta strdkornen dr av storleksordningen 2—3 mm. Amfibolit- 
gangarnas kontakter mot omgivande bergarter ar skarpa. 

I nagra kalkstenspartier har patraffats amfibolitgangar, som brec- 
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cieras av karbonatsubstans. Har har tydligen tektoniska krafter brutit 
sénder stela amfibolitgangar, varvid sprickor och mellanrummen mellan 
lésbrutna amfibolitbrottstycken fyllts med den omgivande kalkstenens 
plastiska karbonatsubstans. 

I sitt examensarbete éver Lovas Gruva (1944) anser B. Lirrxe sul- 
fidmalmsbildningen vara yngre an amfibolitgangarna. Han skriver 
hdérom fdljande: »— — — sulfiderna aro yngre an grénstenarna. Pa 
ett stalle i brytningsrummet i Augustamalmen iakttogs en stérre bly- 
glansimpregnation pa en spricka i grénsten; pa andra platser har kraftig 
glimmerkloritbildning agt rum vid grénserna mot sulfidmalmerna». 

Dessa fenomen har forfattaren icke lyckats aterfinna i de vid tiden 
for féreliggande arbete tillgdngliga delarna av gruvan. Nagon egen 
asikt om Aldersforhallandet mellan sulfidmalmer och amfibolitgangar 
har forfattaren icke. ; 


Sulfidmalmer 


Sasom malmtyp ar Lovasfyndigheten olik flertalet av mellersta 
Sveriges sulfidmalmer, nimligen sulfidmalmerna av Falutyp. Lovas- 
fyndigheten saknar de i samband med Falutypens malmer forekom- 
mande aureolerna av magnesiarika omvandlingsbergarter. Salunda 
har kalkstenskomplexet blott i rmga grad angripits av omvandlande 
lésningar. Det i relativt obetydliga mangder forekommande skarnet 
forefaller i huvudsak vara ett reaktionsskarn utan naémnvéard sub- 
stanstillforsel utifran. Inom kalkstenskomplexet ar bergarternas kon- 
takter for det mesta skarpa och val bevarade. De for Falutypen karak- 
teristiska mineralen cordierit, gedrit och andalusit saknas fullstandigt 
i Lévas, medan tremolit forekommer blott i obetydliga méngder. Den 
porfyriska leptiten, som omger kalkstenskomplexet och som nar fram 
till Lévasmalmernas narhet, har icke berérts av nagra metasomatiska 
processer. Nagon som helst omvandling av porfyrisk leptit till malm- 
kvartsit eller gliimmerskiffer har icke férekommit. Kalkstenskomplexets 
kontakt mot porfyrisk leptit ar for det mesta skarp och tydlig. 

De omvandlingar, som finns i Lévas, ir lokala-och svaga. Det ligger 
n“ra till hands att tiinka sig, att jordskorpans nuvarande, genom ero- 
derande krafters inverkan blottade snitt redan vid omvand- 
lingstidpunkten lag relativt hégt. De omvand- 
lande och sulfidférande lésningarna har endast i form av sma »skvattar» 
formatt na detta héga snitt pa de lattast framkomliga stillena inom 
kalkstenskomplexet. 

Genom att fyndighetens bergarter vid tiden for sulfidmalmsbild- 
ningen tillhérde ett hégt snitt i jordskorpan, saknades dir férutsatt- 


Bd 79. H. 2] LOVAS GRUVA 187 


ningarna for uppkomst av Falutypens omvandlingsaureoler kring sul- 
fidmalmerna. 


Sulfidmalmerna kan indelas i tva huvudtyper, Storgruvetypen och 
Augustatypen. 

Storgruvetypen 4ren Zn-Pb-malm, i vilken sporadiskt aven 
forekommer kopparkis, magnetkis och arsenikkis. Dessa tre mineral 
upptrader i nira samband med varandra. 

Karakteristiskt for Storgruvetypen ar forekomsten avy mycket Pb- 
Zn-rika delar inom malmkroppen. I dessa rika malmpartier ar zink- 
halterna hégre an blyhalterna. Som ett exempel kan anféras halterna i 
ett dyhkt malmparti i Storgruvemalmen pa 148 m niva, vilket pa en 
bredd av 3.5 m hade en gomsnittshalt av 36 % Zn och 15 % Pb. Det 
ar i dessa, malmkropparnas rika partier, som kopparkis och arsenikkis 
frimst forekommer. 

Dessa rika malmpartier i malmer av Storgruvetyp har uppkommit i 
kalksten med i allmanhet starkt hopveckade kvartsitbankar. Det fére- 
faller som om kvantitativt kvartsit har forekommit rikligare an kalk- 
sten. Det har vidare konstaterats, att utfallningen av sulfiderna ofta 
begynt 1 kontakten mellan kalksten och kvartsit, och att malmbild- 
ningen darifran spritt sig at sidorna, i férsta hand dock inom kvartsit- 
lagren. 

Foérutom av de ovan relaterade rika ZnS-PbS-partierna bestar Stor- 
gruvetypens malmer av kalksten med i underordnad mingd upptra- 
dande kvartsitinlagringar. Malmmineralen ar har blyglans och zink- 
blande med évervikt for blyglans. Blyhalten understiger i regel 15 % Pb. 

Augustatypen utgéres av svartmalm med impregnationer 
av PbS och ZnS, har 6verviager PbS 6ver ZnS. Dessa sulfidmineral 
férekommer lika allmant i saval kalkblandad som skarnblandad svart- 
malm. 


De malmer, som i modern tid (sedan ar 1944) visat sig vara bryt- 
virda, ar Storgruvemalmen, Augustamalmen och Prins Carlmalmen. 
Storgruvemalmen har vait belagen langst i nordost, naira kalkstens- 
komplexets faltligg. Prins Carlmalmen har bildats i ett veck, som kalk- 
stenskomplexet bildar néra uppfordringsschaktet. Augustamalmen har 
varit belagen nara hingvaggskontakten mot porfyrisk leptit, mellan 
Storgruvemalmen och Prins Carlmalmen. 
I de inre delarna av kalkstenskomplexet, sarskilt dir det ar som bre- 
dast, saknas sulfidmineral praktiskt taget helt och hallet. 
 Storgruvemalmen var av god kvalitet mellan 139 m och 
168 m avv. (fig. 3). Den brutna malmens genomsnittshalt var har under 
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Fig. 3. Storgruvemalmen. 
The Storgruve ore, Lovas. 


tiden 1953—1954 13—15 % Pb + Zn med ungefar lika stora halter av 
Pb och Zn. 

Malmareorna inom denna, malmkroppens rika del, var 200 m? pa 
139 m och 144 m avv. Nedat krympte malmkroppen. Pa 152 m avy. 
var malmarean 150 m? och pa 160 m och 168 m avv. endast 70 m2. 
Under 168 m avv. forsimrades Storgruvemalmens kvalitet snabbt, och 
pa 175 m avv. bestod den blott av en fattig, spridd malmimpregna- 
tion. 

Mellan 139 m och 113 m avv. ar Storgruvemalmen icke nirmare kind 
Pa 113 m avv. lar Storgruvemalmen har utgjorts av en ratt fattig, 
dver en stérre area spridd malmkoncentration (fig. 3). Fran dagen och 
ned till 95 m avy. hade Storgruvan brutits under gamla brytnings- 
epoker. Att déma av Lévashistorikens uppgifter kunde denna 6vre del 
av Storgruvemalmen icke ha fyllt moderna ansprak pa »god malmp». 

Augustamalmen, eller riktigare Augustastrecket, lar ha 
varit av god beskaffenhet pa 76 m niva. Hiir hade strecket en langd 
av 140 m och bestod av nagra i streckets langdriktning efter varandra 
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Fig. 4. A—B markerar Prins-Carlmalmens rikare partier. Skala 1: 800. 
Rich-ore body (A—B) in Prince Charles’ mine, Lévas. 


upptridande malmkroppar med genomsnittsbredd av 2—2,5 m. Alla 
malmkropparna tilhérde Augustatypen. 

Fran 76 m niva ar malmen uppat utbruten till en héjd av 10—20 m 
under dagytan, dir malmbrytningen avbroéts av hansyn till den tvars 
éver strecket gaende landsvagens sakerhet. 

Under 76 m niva hade malmens kvalitet forsiimrats. Den dr dock 
utbruten till ca 110 m avy. Liangre ner har malmen brutits fran 140 m 
avv. (invid gruvkartans profil 10) uppat till ca 125 m avv. Mellan 125 m 
och 140 m avv. var malmen fattig med hégst 5 % Pb + Zn jamte en 
del svartmalm; malmarean var i genomsnitt 50 m*. Att malmbrytning 
éverhuvudtaget agde rum mellan 125 m och 140 m avv. berodde pa 
forhoppningen, att malmen hégre upp skulle bli battre. Man lockades 
harvid namligen av att Augustamalmen pa 113 m niva var ratt rik. 
Detta visade sig dock vara en ren tillfallighet, och malmbrytningen 
upphérde pa 125 m avv., dir malmen var synnerligen fattig. 

Prins Carlmalmen. Med »Prins Carlmalmen» avses malm- 
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koncentrationerna nira schaktet. De tillhérde Storgruvetypens mal- 
mer. 

Férfattaren har i fig. 4 markerat en zon med rikare malmpartier. 
For évrigt lar de brutna malmpartierna ha varit ytterst fattiga, och 
deras brytning torde ha motiverats av radande, exceptionellt gynn- 
samma priskonjunkturer. 

Sasom framgar av fig. 4 har zonen med rikare malmpartier icke 
varit foremal for brytning mellan 65 m och 100 m avv. Detta har dels 
berott pa malmens lage, alltfér nara schaktet, dels pa avbrott i mal- 
mens kontinuitet. Salunda upptrider malmen rik, val samlad och med 
en malmarea av 50 m? pa 90 m niva. Men endast 5 m hégre upp hade 
malmen évergatt i en har och var forekommande svag impregnation. 
Samma malm Aaterfinns hégre upp pa 75 m niva, ehuru den har ar fat- 
tigare in pa 90 m niva. Pa 70 m avv. ar den totalt forsvunnen. I inget- 
dera av de bada relaterade fallen kan malmens forsvinnande tillskrivas 
fortrangande amfibolitgangar, eftersom sadana saknas. 

Pa 113 m niva ar Prins Carlmalmen ej siardeles rik. Under 113 m 
niva har mot malmens formodade fortsittning ett antal borrhal bor- 
rats, dock utan att patriffa den. Pa 180 m niva, langst i sdder, har en 
malmanledning utstrossats, som ursprungligen formodats utgéra Prins 
Carl-malmens fortséttning pa denna niva. Malmanledningen tillhérde 
dock Augustamalmtypen, féljakthgen av annan malmtyp an Prins 
Carl-malmen. Den bestod av éver ett stérre omrade glest spridda bly- 
glansflickar och var icke ens naérmelsevis brytvaird. 

Ett borrhal i den kénda Prins Carl-malmens filtligg pa 57 m avy. 
patriffade icke nagon malm (fig. 4). 


I gruvdriftens slutskede undersékta malm- 
anledningar. En malm pa 147 m niva, mellan (gruvkartans) pro- 
fil 10 och 11, har undersdkts uppat. Den tillhdrde Augustatypen och 
hade en malmarea av 30 m?. Provtagningen visade en halt av 2—3 % 
Pb, 0,7 % Zn och 32 % Fe. Det visade sig emellertid, att malmkroppen 
kilar ut 7—10 m hégre upp mellan starkt sammanveckade leptit- 
bankar (fig. 5). 

Pa 180 m niva underséktes den s. k. »Viastra malmen» uppat. Den 
bestar av tva rika malmkroppar av Storgruvetyp, beligna nara var- 
andra vid profil 7. Malmarean var inalles 75 m?. Vid utstrossning 5 m 
hégre upp befanns den ena malmkroppen ha utgatt helt och hallet, 
medan den andra hade forsimrats si mycket, att dess brytning ej 
ansags lonande. 

Den vid profil 3 pa 180 m niva belagna »Schaktmalmen» var av 
Augustatyp med synlig area av 12 m? och en halt av 8 % Pb, 2—3 % 
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Zn och 20 % Fe. Den utstrossades pa 175 
m avv. och befanns dir ha en malmarea av 
25 m*. Malmen efterféljdes uppat nagra 
meter. Harvid forsimrades den starkt, och 
slutligen var sulfidhalten sa svag, att man 
sag sig tvungen att avbryta undersdkningen. 

Undersékning under 180 m 
niva: Fran 175 m och 180 m avv., nara 
schaktet, borrades sju diamantborrhal ned- 
at, vinkelrétt mot kalkstenskomplexets 
nordéstra andas faltstupning. Dessa borr- 
hal borrades genom kalkstenskomplexet, 
anda tills de natt in i porfyrisk leptit. 
Borrningsresultatet blev dock alltigenom Utkilande malm av Augustatyp. 
hegativt. 180 m nivan var gruvans djupaste re ee "ype 
niva. 

Pa grund av negativa underséknings- och diamantborrningsresultat 
pa 180 m niva jimte de ovannimnda negativa borrningsresultaten 
under 180 m nivan, samt pa grund ay alltigenom negativa resultat fran 
omfattande diamantborrningar inom Lévas malmfalt i dagen, upp- 
horde allt gruvarbete hésten 1954. Nagon ny undersdkningsuppegift, 
som kan motiveras satillvida, att forhallandena skulle ge vasentliga ut- 
sikter till nya malmfynd, finns icke inom gruvomradet eller dess narhet. 


Nagra ur gruvbrytningssynpunkt yiisentliga geologiska férhdllanden 


Malmbrytningens genomforande har ofta stott pa stora, oberiknade 
svarigheter pa grund av malmkoncentrationernas obe- 
standighet och sporadiska upptradande, Det har 
namligen ofta visat sig, att en malmkoncentration fran att ha varit 
val samlad uppat inom kort blivit fattigare och dérigenom icke bryt- 
vird, eller har malmen helt utgatt. I en del fall har samma malmer ater 
blivit brytvarda hégre upp. Avbrott 1 malmers kontinuitet har aven 
fororsakats av 6vertvarande amfibolitgangar. 

Till forfang vid brytningsplanernas genomférande har stundom varit 
forekomsten av olika faltstupningar. Man hade namligen 
vid brytningsplanernas upprattande lange raknat med endast en falt- 
stupning, nimligen med 30°—35° mot SSV, d. v. s. med den faltstup- 
ning, som i stort sett galler fér kalkstenskomplexets faltligg i NO. 

Ett exempel pa en fran denna avvikande faltstupning utgor falt- 
stupningen hos malmen intill profil 10, mellan 148 m och 113 m avy. 
Malmen i fraga faltstupar namligen 50—60° mot éster. Tager man vidare 
de utbrutna rummen sasom uttryck for malmens form, sa finner man, 


) 
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att fialtstupningen hos Augusta-Vilhelmstrecket maste ha varit ca. 
60° mot SO. Samma férhallande giller faltstupningen hos den i gamla 
tiden brutna Riddarstolpemalmen. 

De vid den geologiska karteringen noterade stanglighetsstupningarna 
och stupningarna hos pa ytor framtrédande valkighetsaxlar visade sig 
éverensstiimma med narliggande kinda malmers faltstupningar. Dylika 
observationer anvindes darfér i prognossyfte vid undersékningar av 
mindre val kinda malmer. 

Erfarenheterna hade visat, att for genomforandet av en framgangs- 
rik brytning fordrades omfattande och noggranna forundersékningar 
och en selektiv brytning. 

Nagra forkastningar av stérre matt har ingenstides kunnat pavisas. 
Endast fa skélar ha patraéffats och berget ar exceptionellt hallfast. 


Zinkblindet i Loévas gruva 


Det ar ett kant forhallande (GaBRIELSoN, 1945), att elementen Ga, 
Ge, In, Cd, Mn, Fe och Co intrider i zinkblinde i vaéxlande propor- 
tioner. De faktorer, som reglerar halterna av nimnda element i zink- 
blande, ar den elementassociation, zinkblindet ingar i, och de vid 
mineralets kristallisation radande fysikalisk-kemiska forhallandena. 


Fig. 6. Finkornig impregnation av kopparkis + magnetkis (= ljusa, sma korn) i zink- 
blinde (gratt). Férstoring: < 120. Rutan i hégra nedre hérnet har pa det oforstorade 
; : } _polerprovet en kantlingd av 0.06 mm. 
Fine-grained impregnation of chalcopyrite + pyrrhotite (pale grains) in sphalerite (grey). 
Lévas. Polished section magnified 120 x. 
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Ga och Ge lar anrikas speciellt i zinkblanden, som upptrider i lag- 
temperaturmiljé, under det att In synes na hégre virden i zinkblanden 
som bildas vid inte:mediira temperaturférhallanden. Mn, Fe och Co 
ar element, vilkas intride i zinkblinde gynnas av hég temperatur. 
Ifraga om Cd synes e] nagra patagliga lagbundenheter framtrada. 

Zinkblande fran Lévas underkastades pa 1940-talet spektralanalys 
vid Sveriges Geologiska Undersékning. Innan det finmalda zinkblande- 
provet analyserades, avskildes diarur, i gorligaste man, évriga inga- 
ende mineral medelst separation med Clericis lésning. Analysresultatet 
blev foljande: 47 °4 Zn, 0.11 % Cd, 0.0009 % Ga, — % In, — % Ge, 
0.91 % Mn, 12.80 % Fe och 0.001 % Co. 

Analysen visar relativt héga Fe- och Mn-halter, tydande pa en hég 
bildningstemperatur for zinkblandet. Den laga Co-halten tyder ater pa 
att metallen saknas 1 malmfyndighetens elementassociation. Kadmium- 
halten = 0.11 % Cd ar lag. I gynnsamma fall kan niamligen zinkbliande 
innehalla 1—-2 % Cd. 

Det ovannimnda analysresultatet fran Sveriges Geologiska Under- 
sékning 6verensstimmer, forutom ifraga om Mn, med en, pa foran- 


Fig. 7. Vita arsenikkiskorn, som vuxit pa bekostnad av zinkblinde (gratt). 
Forstoring: < 75. te: 
White grains of arsenopyrite which have grown at the expense of sphalerite (grey). Lovas. 
Polished section magnified 75 x. 


13573060. G. F. F. 1957. 
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staltan av AB Zinkgruvor i april 1954 utférd spektralanalys av zink- 
blindeslig. Enligt denna analys var manganhalten blott 0.001 % Mn. 

Analyser av zinksliger (med i genomsnitt 50 % Zn) innehdll omkring 
10 % Fe. Vid forfattarens studium av ett antal polerprov fran olika 
delar av Storgruvemalmen framgick, att zinkblandet stidse innehéll 
mycket finkorniga impregnationer av kopparkis och magnetkis (fig. 6). 

Narvaron av dessa mineral i zinkblandekornen antyder, att zimk- 
blaindet kan ha varit jaérnrikare, men med dndrade temperatur- och 
tryckforhallanden har en avblandning agt rum, som resulterat 1 upp- 
komsten av de finkorniga kopparkis- och magnetkisimpregnationerna. 

Helt sporadiskt forekom inom Storgruvemalmen mindre malmpar- 
tier med avsevard arsenikkishalt (med upp till 13 % As). Vid anrik- 
ningen av sddan malm steg avfallets Zn-halter kraftigt. Orsaken till 
denna stegring visade sig vara arsenikkisens struktur (fig. 7). Det av 
arsenikkismassan inneslutna zinkblandet gick 1 stor utstrickning for- 
lorat i avfallet. Daremot hade blyglans endast i mycket liten utstrack- 
ning berérts av denna genomvixning med arsenikkis. 


Férekomsten ay mangan i Liévas gruva 


Manadsprovet for mars 1953 fran ingaende malm till anriknings- 
verket inneholl 1.3 94 Mn. Manadsprov pa slutavfallet fran anriknings- 
verket for augusti 1952, oktober 1952, december 1952, februari 1953, 
april 1953, juni 1953 innehdll respektive 1.8 %, 2.3 %, 3.3 %, 2.2 % 
2.2 % och 2.5 % Mn. 

8 prov fran olika kalkstenspartier 1 norra delen av 147 m niva inne- 
holl mellaa 1.00—1.97 9% Mn. En stuff fran den Pb-Zn-rika, skarn- 
haltiga (granatrika) svartmalmen vid profil 3 pa 147 m niva innehdll 
5.1 % Mn. Okulart sett rena granatstuffer fran leptitskikt innehaller 
upp till 9.2 % Mn. Denna undersékning tyder pa att Mn upptrider 
jaémnt fordelad i karbonatbergarterna och anrikas i granat. 
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Oceanic Bottom Investigations and their Bearings on Geology 


By 


J 


RENE MALAISE 


N. H. OpHNER advanced in 1934 his »Constriction Hypothesis» to 
explain vertical movements in the earth’s crust. He had found the forces 
of gravity to be inadequate, and likewise that of isostasy. The only 
force of a sufficient magnitude to cause mountain building and other 
elevations or submergences would be the force of temperature in ex- 
pansion and constriction. 

From the very hot interior of the earth, heat is conducted to the sur- 
face, and from it into space. The temperature of the earth’s outer 
crust cannot be the same during a warm geological period as during a 
cold one, and this change in temperature must affect the crust so that 
it expands when warmed and constricts when cooled. From geology 
we know that the outer crust is composed of low vaults, viz. geoanti- 
clines (= raised undulations) and geosynclines (= depressed undulations). 
The change of temperature in the crust caused by differences in climate 
affects the outermost crust only; a few tens of kilometers down we may 
assume the temperature to be practically constant. The lengthening 
of the earth’s radius becomes accordingly rather insignificant. and the 
expansion will mainly be in a horizontal direction. The earth being a 
sphere or spheroid, its surface cannot expand laterally when heated in 
other way than that its wrinkles, geosynclines and geoanticlines, be- 
come more accentuated. These secondary vertical movements of the 
vaults are on the other hand most important. A raise in temperature 
of only 10° C. of the Scandinavian Shield would, for instance, cause a 
lifference in altitude of about 960 m. 

According to ODHNER it was not the weight of the Quaternary ice- 
sheet that caused the sinking of Scandinavia and Canada during the Ice 
Age, but the cooling influence of the ice. Once the ice-sheets melted 
way, a Tertiary elevation of these shields, that had been interrupted 
ay the Ice Age, was again taken up. 

The waters of the oceans had been warmed up for millions of years 
luring the Cretaceous and the older Tertiary, and its temperature at 
he bottom was then possibly about 25° C. higher than at present or 
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Fig. I. Velocity of Primary (P) and Secondary (8) seismic waves in the deeper layers of the 
earth. (From BuLten 1947 and 1953, An introduction to the Theory of Seismology). 


The primary waves suddenly diminish their velocity at a depth of about 2 900 kms, but 

this velocity is again altered inside the core. The secondary waves stop altogether at 2 900 

kms. The mantle to a depth of 2 900 kms, and also the innermost part of the core, are 
thus considered to be solid, but the outer part of the core to be essentially fluid. 


during the Ice Age. The geosynclines, 1. e. the marine basins of that 
time had expanded and were gradually bulged down deeper and deeper, 
and the ocean waters were accumulated into these depressed basins. 
As a result the general sea-level sank considerably. This slow lowering 
of the general sea-level continued until the end of the Pliocene, when 
this regression reached its maximum. This was the time when the now 
submarine canyons the world over were excavated subaerially by run- 
ning water. 

Towards the end of the Pliocene the general climate grew colder, and 
ice and snow accumulated on the higher parts of the also strongly ele- 
vated continents. The cold water from melting ice ran down into the 
oceans, and the bottom water of the marine basins became gradually 
colder and colder. The earth’s crust below the basins became also cooled 
and constricted. As a result the extremely downbulged basins lessened 
their curvature, and began to regain the shape they had had before 
the downbulging started. These movements in the earth’s crust result- 
ed in a gigantic transgression, and the previously dried parts of the 
ocean bottoms were again inundated. The almost undisturbed stream- 
pattern of the drowned canyons is a measure of the rapidity of this 
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Fig. 2. Contemporary conception of the earth’s interior, derived from studies of the veloci- 
ty of seismic waves. (From Matatse 1951, Atlantis, a Geological Reality. 
/Swedish edition.) 


The earth’s mantle (A — D) is solid, i. e. has a marked rigidity down to a depth of 2 898 
kms, but the velocities of the various seismic waves change somewhat at depths of 33, 413, 
and 984 kms, possibly due to changed mineral composition induced by pressure. The 
initial strength of the material of the mantle (B — D) is not significantly less than that of 
the granite crustal layers (A). The outer region (E) of the core is essentially in a fluid state. 
The central part of the core (G) is significantly solid, i. e. possesses rigidity of the same 
order as the earth’s mantle. The region F is possibly viscous? Even if the solid crustal 
layers were only 33 kms thick and all deeper layers were fluid, it is rather improbable 
that the weight of a 3 kms thick ice cover would cause any subsidence, considering the low 
specific weight of ice. With the thickness of the solid mantle amounting to 2 900 kms, 
any movement in this mantle, such as convection currents, continental drift in the sense 
of Wecener, or the adjustment of a disturbed isostatic equilibrium, must be out of 
question. 


transregression. For all supramarine living beings this transgression 
must have been a catastrophe without comparison. In the author’s 
opinion, no better limit can be found between the Tertiary and the 
Quaternary than this transgression. 

Most oceanographers deny the existence of such a regression and the 
following transgression. They cling to the more than 100 years old 
thesis of the American geologist James D. Dana (1864) on the perma- 
nency of continents and oceans, viz. »Once an ocean, always an ocean.» 
Scientists are sometimes a most conservative breed, and regarding 
fundamental theories they stick stubbornly to what they have learned 
in their youth, regardless of later contradicting evidence, which they 
simply disregard. Geophysists have, for instance, proved the earth’s 

id crust is 2 900 kms thick and with a general rigidity comparable 

© granitic rocks in the open air (BULLEN 1953). Epwarp BuLiarp 

954) states in »The Solar System» on p. 79: »There seems no doubt 
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that the core of the earth is truly fluid»... »The picture of a solid 
mantle surrounding a fluid core is beautifully confirmed by the obser- 
vation at wave reflected at the outer surface of the earth and internally 
and externally at the boundary of the core.» HAROLD JEFFREYS (1954) 
says on p. 45: » The rigidity 50 km below the surface is already about 
two-thirds that of steel and increases to about 3 times that of steel 
half-way to the center.» 

Still most geologists persist in believing in isostasy and that all move- 
ments in the earth’s crust are depending on a disturbed isostatic equilib- 
rium. They believe still a layer of ice or sediments, with a thickness 
of only a few kms, is able to press-down this crust owing to the weight 
of such a layer. Although the crust is enormously thick and rigid, they 
think it behaves as if thin, floating on a fluid substratum. 

Marine geologists and oceanographers are just as conservative, and 
this makes it extremely difficult, not to say impossible, for them to 
interpret most of their recent discoveries. MAuRIcE Ewine (1952 p. 90) 
states: 


»Both the seismic data and the gravity data show the great similarity of the 
crustal structure of the Atlantic and the Pacific Oceans and their great dis- 
similarity to the continental crust. While neither seismic nor gravity data 
coverage is yet sufficient for us to come to a final conclusion, the hypothesis 
of the permanence of continents and ocean basins fits the existing data best. 
There are strong indications against the hypothesis of continental drift 
and foundered land bridges in the deep ocean basins.» 


Hit (1953 p. 16) professes the same principles as Ew1na: 


»The difference in structure of the crustal layer of the oceans and conti- 
nents give strong support to the view that the oceans are permanent features 
of the Earth’s crust.» 


The speed of earthquake waves and waves from exploding charges 
indicate that bedrocks under oceans are more dense and heavy than 
those under the continents. The bedrocks of the ocean have accordingly 
been considered to consist chiefly of dense basaltic rocks, wheraes 
rocks under the continents generally consist of a granitic layer over 
the basalts. This greater density of the layers under the oceans may be 
correct, but is it, therefore, definitely stated that these layers are fun- 
damentally different from those under the continents? Epwarp BULLARD 
({ibidem, p. 85-86) states: 

Systematic differences between the times of P (seismic waves) over 
continental and oceanic paths have been claimed, but it appears doubtful 


whether they are genuine, and it is certain that they do not exceed 2 
seconds.» 
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J. W. Grecory, (1930, p. cxxx—cxxxiii) argues against the prin- 
ciples of isostasy and that »the ocean-floor consists of rocks much 
heavier than that which form the land», and says on PuCKxx: 

»As regards elasticity, it should not be overlooked that a layer below an 
ocean, say 20 000 feet below the surface, would be several hundred degrees 
cooler than a layer on the same plane beneath a continental plateau, and, 
should be more rigid and denser. The land is daily heated by the sun, whereas 
the ocean-floor lies in continuous contact with the almost ice-cold water of 
the deep-sea. A difference of elasticity between a suboceanic and a subcon- 
tinental layer does not prove a difference in composition.» 


Has this Grecory’s suggestion been allowed to sink into complete 
oblivion? The thesis on the permanence of ocean basins and conti- 
nents is contradicted by a multitude of geological evidences. Thus the 
correctness of CHaRLES Darwin’s theory on the building of coral reefs 
around a volcano subject to a slow subsidence has recently been proved 
by finding the volcano 4000 feet below the surface when boring on 
the Eniwetok Atoll. A former island may accordingly sink, but also 
larger parts of the present deep ocean basins have formerly been land. 

Epvwin L. Hamittron (1956) admits that the Pacific Mid-Oceanic 
Range formerly must have been elevated above the surface of the sea, 
and later sunken. He says on p. 48.: 


»Whether the major part of the submergence of the guyots was due to 
foundering of the great load of the Mid-Pacific Mountains or to subcrustal 
forces such as downward-moving convection currents (or cessation of upward 
currents), it appears proven that a subsidence of the Pacific Basin of several 
hundreds of fathoms did take place in the area of the Mid-Pacific Mountains.» 


The conclusions of Hamrtron about a foundering of an ocean basin, 
although mainly correct, is in opposition to views held by most oceano- 
graphers. What is most astonishing is that he is discussing the possi- 
bility this sinking should be due to convection currents. The existence 
of such currents in the subcrustal layers (the mantle) is impossible and 
absolutely out of question owing to the rigidity of these layers and the 
lack of adequate forces to overcome this rigidity. The view of some scien- 
tists that the mantle to some slight extent might be viscous and tena- 
cious, so that an extremely slow convection current could raise from 
the core to the crust, is far from tenable. The forces sponsored by a 
difference in temperature and a thereby caused lesser gravity of the 
subcrustal masses near the core and close to the crust can never even 
approach a magnitude sufficient to maintain a movement in these 
very tough and rigid layers. Temperature can travel towards the crust 
only by conduction, never by convection currents. To refer seriously 
to these convection currents, as done by Ventne Meinesz (1948), KUENEN 
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(1950) and many other authors, must either be founded on a general, 
but never expressed disbelief in the correctness of the results obtained 
by the geophysists, or else advanced as a joke with readers blindly 
believing in the authority of oceanographers. 

From facts so far published about guyots the present author has 
found no reason to abandon his conception of these submarine mountains 
(published in 1951), as remnants of a former high-land that rose out 
of a Creataceous sea during the Lower Tertiary. This high-land 
was probably in spots protected by partly still existing covers of basal- 
tic rocks. These protected spots remained accordingly less eroded than 
the rest. This landscape with its elevated »mesas» was drowned very 
rapidly at the very beginning of the Quaternary together with the now 
also submarine canyons the world over, by a general transgression. 
The waters of the oceans had, as already stated, previously been accu- 
mulated into the strongly depressed geosynclines of the earth’s crust 
until the end of the Phocene. 

The present author wrote about the then recently discovered guyots 
i 1951p. 109: 


»The author cannot share Hess’ view, but is most inclined to regard the 
whole area as a sunken or rapidly drowned continent (desert?) with the iso- 
lated mountains as remains of an older, undulating highland (peneplan), which 
was almost wholly eroded. The flat surface of the mountains with their edges 
slightly inclined towards the steep does not contradict such an interpretation, 
and the occurrence of steep inclines parallel with the coarse of the vessel, to 
which Hess draws attention, suggests that the sides of the mountains are 
traversed by deep ravines (Barrancos). This implies sculpture by running 
water above the surface of the sea comparable with the sculpture of the con- 
tinental shelves at roughly equal depth. The submarine flat-topped moun- 
tains discovered in the Atlantic with marine chalk from the Eocene may be 
similar formations». 


Field geologists have for years established the occurrence of conglom- 
erates along many coasts bordering depths of several thousand metres 
and with the pebbles of the conglomerates increasing in size towards 
the coast. This shows that the conglomerates formerly had been brought 
down as gravel by running water coming from a higher land where it 
is now deep-sea. Such sediments (conglomerates) are, for instance, found 
along the western coasts of Peru in close vicinity to oceanic depths of 
4-6 000 metres or more. A. Hormes (1945) states that the gold-bearing 
sediments of the Gold Coast in West Africa were deposited by a mighty 
ancient river coming from the south where it is now deep ocean basin. 
J. Barre. (1914) was able to reconstruct an enormous Devonian delta 
in the Appalachians, and its structure shows that all the material came 
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Fig. 3. Sketch-map of the North Atlantic during the Mindel-Riss (Kansan-Illinoian) In- 
terglacial with the probable distribution of land and of sea-currents. Continuous lines 
stand for warm marine currents,interrupted lines stand for cold ones. (From MALAIsE 1951.) 


Along the middle of the Atlantic Ocean a continent reached from Iceland almost to 
the Antarctic. This continent remained above the surface of the sea during the Pliocene 
and the entire Ice Age. With every reason we may name this continent Atlantis. 
Greenland was connected with Iceland and Europe by a land-bridge. The land-locked 
Arctic Ocean emptied its surplus water into the Atlantic by two mighty rivers, one on 
each side of Iceland. It is a part of the Pliocene bed of the westerly of these rivers Ame- 
rican oceanographers have discovered as a mid-oceanic canyon. A warm marine current 
washed the shores of Western Europe and North Africa. That is the reason why the Medi- 
terranean had a tropical marine fauna during the Tyrrhenian transgression and Sahara 

had a more moist climate until the end of the Bronze Age. 


from the east. The Norwegian geologist O. Hotrepant (1935 p. 117) 
says about the South Antillean Arc: 

»With their large amount of terrigenous, clastic sediments, etc. the South 
Orkneys and also South Georgia agree with the folded ranges of the continents. 


In fact, in order to explain the existence of the masses of sediments we must 
ussume land to have been present where there is now deep sea.» 


Proofs of marine transgressions of the continents are innumerable, 
put I have seen no geologist express my 1951 published belief that every 
yart of the present oceans also once upon a time may have been dry 
and. The dogma of Dana must not be challenged. 

In vain oceanographers the world over have tried to attribute the 
ubmarine canyons to the activity of submarine agencies. Most up to 
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date are at present the so-called »turbidity currents», e. g. avalanches 
of water-soaked mud. Down the incline of a continental shelf they 
are believed to rush, and then to continue over the more or less hort- 
zontal ocean bottom carrying mud and sand for thousands of miles. 
Turbidity currents may and do occur, but their excavating capacity is 
most questionable. At any event they cannot excavate a canyon in gran- 
ite or other hard rocks, and such canyons have been found. Many of 
the canyons are of awe-inspiring dimensions, comparable on land only 
to the canyon of the Colorado River. Many, if not most of the submarine 
canyons may be connected with recent rivers. 

Francis P. SHeparp is the only American oceanographer who does 
not believe in the excavating capacity of turbidity or suspension cur- 
rents. His canyon studies have convinced him that subaerially running 
water is the only agency that can be responsible for the excavation of 
the now submarine canyons. This presupposes great changes in the sea 
level that he cannot explain. He says (1949 p. 42): 

»Yet even in lakes the suspension currents fail to produce erosion.»...»We 
are thus left with only one hypothesis, namely, that the areas where the can- 
yons are found were once above water and were eroded by rivers in the same 
way as the present land canyons.) ...(p. 43). »In view of the accumulating 
evidence of great submergence which is so clearly indicated by the world-wide 
distribution of the submarine canyons, we are forced to conclude either that 
this evidence is all very misleading or that tremendous changes have actually 
taken place. It is possible that all or most of these changes have been due to 
shifting sea levels. To be sure, it is difficult to find any way to get rid of the 


vast amount of sea water that is demanded by a subsidence of the oceans of 
such dimensions.» 


The Constriction Theory of ODHNER is the only one that can explain 
in a simple and natural way where the surplus of ocean water was stored 
during the Pliocene, viz. in the extremely downbulged geosynclines 
the world over. No other theory can in addition explain in an equally 
simple way gravity anomalies, mountain building, subsidence, earth- 
quakes, volcanism, marine grabens, etc. (Comp. MatatsEe 1951). 

American oceanographers published in 1953 (Bull, Geol. Soc. Amer. 
64, p. 865) the discovery of a submarine canyon in the middle of the 
Northwest Atlantic Basin. The canyon follows roughly the trend of 
the coast line of Newfoundland and Labrador. »The canyon has been 
traced from 52° N. to 38° N. latitude, a distance of 1 200 miles. Over 
most of its known lenght it is box-shaped with a flat floor and steep 
walls.»... »Its depth below the adjacent deep sea floor ranges from 100 
fathoms near 52° N., where the sea-floor depth is 2 240 fathoms, to 
10 fathoms near Lat. 38° N., and its width ranges from 3 to 5 miles ex- 
cept near the southwest corner of the surveyed area where in 2 750 
fath. the canyon broadens and loses its boxlike shape.» 


Fig. 4. Map of the North Atlantic at or shortly before the end of the last Glacial Epoch, 
i. e. about 11000 years ago. (From MatarseE 1951.) 


The former land-bridge between Greenland and Europe was now interrupted in several 
places and the Gulf Stream accordingly had access to the Arctic Ocean, but was still 
prevented by the northern part of Atlantis from reaching the North- Eastern Atlantic 
Basin. With the penetration of the Gulf Stream into the Arctic Ocean the meteorological 
situation was changed for the entire Northern Hemisphere and consequently for the earth 
as a whole. This change of the meteorological situation constituted one of the most im- 

portant factors in the ending of the Great Ice Age. 


This remarkable canyon represents, in the present author’s opinion,the 
bed of a Pliocene river coming from the then land-locked Arctic Ocean. 
The lower part of this ancient river was drowned in connection with 
the great transgression at the beginning of the Ice Age. It may safely 
be predicted that future investigations will show the prolongation 
northward of the found canyon to turn towards the Denmark Straits. 

To attribute the excavation also of this canyon to the activity of 
turbidity currents must be rather doubtful. The principal foundation 
for turbidity currents is an accumulation of mud in large quantities, 
and this presupposes large, slow-running rivers in the vicinity. No such 
rivers are available in this region. Even if some mud would be accumu- 
lated and a turbidity current would start, it would be strictly local and 
thousands of years must elapse before this could be repeated. Canyons 
excavated by such currents, if at all, would be directed out from the 


coast, and not parallel to it. 
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Fig. 5. Supposed direction of warm and cold marine currents in the North Atlantic during 
the Post-Glacial »Climatic Optimum», 5 000 — 1000 B. C. (The time of the European 
Bronze Age.) (From Matatse 1951.) 


When the narrowest part of the land-bridge between Iceland and the main Atlantis 
Continent had sunk, the Gulf Stream, concentrated and directed by this continent, could 
proceed east of Iceland far into the Arctic Ocean. The Polar Basin became thus much 
warmer, and consequently the climate of the entire Northern Hemisphere became more 
genial. The water from the Gulf Stream, then reached the western coast of present Sweden. 
The cold water from the Polar Basin could from now on go south as a surface stream fol- 
lowing the eastern coast of Greenland, and the cold and warm streams no longer blocked 
each other’s passage. Another rather cold current from the Baltic probably followed the 
coasts of Denmark and Scotland, and passed southwards east of Rockall Island and along 
the eastern coast of Atlantis. The distribution of warm and cold marine currents at that 
time made it possible for the inhabitants of Atlantis to reach South- and Central America, 
North Africa, and Western Europe as far north as Scandinavia with such primitive vessels 
as rafts, and they could always return home by convenient streams. The ancient high 

cultures of Central- and South America may have originated from Atlantis. 


Abundant biological and other evidences point to a Tertiary existence 
of a land-connection between Europe and Greenland via Iceland. This 
land-bridge remained probably above sea-level during the entire Qua- 
ternary and prevented thus the Gulf Stream to enter the Arctic Ocean. 
The shallow Bering Straits was also dry land, and the Arctic Ocean accord- 
ingly a land-locked basin, probably subdivided into several basins. 
Humidity was constantly brought by winds from the Atlantic to this 
land-locked Arctic Ocean. It was this surplus of water that created at 
least one mighty river, but probably two ones, one on each side of 
Iceland. It is the ancient bed of one of these rivers the oceanographers 
now have found as a mid-oceanic canyon (Fig. 12, p. 220). 
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In 1951 the author advanced the theory that it was the sinking of 
the land-bridge between Greenland and Europe and the consequent 
penetration of the Gulf Stream into the Arctic Ocean that was instru- 
mental in the ending of the Ice Age. When, later on, the northern and 
‘lowest part of the Mid-Atlantic Ridge also sank below the surface of 
_the sea, the Gulf Stream could enter the Arctic Ocean also between 
Iceland and Great Britain. The Gulf Stream was then concentrated 
and directed towards the Arctic Ocean by the remaining parts of the 
Ridge, and could thus penetrate further north than previously and 
also than to-day. In the author’s opinion this was the cause to the 
»Climatic Optimum» of the European Bronze Age (Fig. 5). 

A confirmation of these the author’s both views was given in the 
Russian journal »Priroda» (Nature), March 1953, p. 62. Russian scien- 
tists on the ice-breaker »Sadko» found that the Atlantic waters entered 
the Arctic Ocean for the first time 10-12 000 years ago, and that this 
influx of Atlantic waters increased 3-5 000 years ago. The intigration 
of ionium was used for the dating. A request of the present author to 
Leningrad for a copy or a reference to the original report from the 
»Sadko»-expedition was declined. The statement about the first influx 
of Atlantic waters into the Arctic Ocean may have been founded on 
an absence of boron adsorption or of Atlantic foraminifera in deeper 
sedimental layers of this ocean. This absence is also a geological proof 
that the land-bridge between Greenland and Europe existed above 
water until the end of the Ice Age. 

To-day the main part of the Gulf Stream turns south. This branch 
of the Stream washes the coasts of North Africa and is there regarded 
as comparatively cold. Because it is cold, the air from it blowing in 
over North Africa becomes warmed up over the continent and can 
then hold more humidity than before. No, or very little rain falls then 
on land, and North Africa is therefore arid. Before the Mid-Atlantic 
Ridge sank, a tropical warm current from the south brought humidity 
to North Africa and to Western Europe. With the growing might of 
the Canary Current and the sinking of equatorial parts of the Mid-At- 
lantic Ridge this warm current from the south was gradually pushed 
further away from the African coasts. Nowadays it is directed across 
the Atlantic Ocean towards South and Central America ultimately to 
feed the Gulf Stream. 

R. W. Korzs of the Swedish Museum of Natural History published 
in 1955 a paper »Diatoms from Equatorial Atlantic Cores», He found 
that some of the sediment cores taken during the cruise of the »Albatross» 

contain a rich flora of diatom-algae. Different species of these small 
algae live abundantly near the surface of the sea, and other species in 
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Fig. 6. Frequency curves of diatoms from some tropical Atlantic bottom core samples. 
(From Kose 1955.) 


The finds of exclusively freshwater diatoms at a level of 5.52 m (the arrow) is a univocal 
proof that this point on the Mid-Atlantic Ridge formerly was above the surface of the sea. 
In core 238 (Romanche- Deep) the sedimentation was probably rather rapid. 
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Fig. 7. Topography of the bottom of the Equatorial Atlantic with places for some cores 
rich in diatom-algae. (From Matarse 1956.) 


Core 234(+-) happened to hit the place of a former freshwater lake that later on was 
covered by salt water in connection with the sinking of the Mid-Atlantic Ridge. 


a 
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fresh-water lakes. After death their siliceous shells sink to the bottom. 
No species can live in both salt and fresh waters, but dead fresh-water 
species may be brought to sea by rivers or by the wind. It was therefore 
not susprising to find remains of fresh- and salt-water species mixed in 
the bottom sediments. In one of the cores (nr. 234), from a depth of 
3 577 m., the upper half of the sediments were rich in a mixture of salt- 
water and fresh-water species (Fig. 6). At a sedimental depth of 5.20 m., 
the sediments in that core were still rich in diatoms, but they were ex- 
clusively of fresh-water species, 18 different species in thousands of 
specimens. The coring apparature had apparently hit the bottom of a 
former fresh-water lake that later had been drowned by the raising sea. 
The lake had been situated on a part of the Mid-Atlantic Ridge, which 
now submarine mountain range formerly had reached above the sur- 
face of the sea (Fig. 7). 

This part of the Mid-Atlantic Ridge is not the only one that formerly 
had reached above sea-level. Further north, the American oceanographer 
C.8. Piccor took in 1936 a series of 13 bottom sediment cores between 
Falmouth and Halifax. One of these cores was taken as close as possible 
to the summit of the Mid-Atlantic Ridge, here locally named the Fara- 
day Hills. On each side of the range, and only 30 kms from the summit 
core, other samples of the bottom sediments were taken. 30 kms to the 
west of the Range the sedimentation had been extremely slow, as the 
sediments consist of skeletal remains of microscopically small foramini- 
fera of the same species as those now living in the Gulf Stream. 30 kms 
to the east of the Ridge, the sedimentation had been rapid with thick 
layers of sand and gravel, apparently dropped from melting ice. 

This difference in the sedimentation indicates univocally that the 
Gulf Stream was prevented to pass over the Mid-Atlantic Ridge, that 
must have reached above the surface of the sea. During the entire Ice 
Age and for thousands of years after its end, a cold marine current from 
the north passed along the eastern side of the Ridge, and floating ice 
was brought by the same current as far south as to the Azores. Erratic 
blocks are therefore found abundantly along the eastern shores 
of these islands, that were part of the Mid-Atlantic Ridge, but the er- 
ratic blocks are entirely wanting on their western side. 

From results obtained by the German »Meteor» Expedition, geologists 
have explained the Mid-Atlantic Ridge to have been a mountain range, 
sculptured subaerially by running water, and later sunken. The present 
author advanced in 1951 a theory that a rift, similar to the present one 
over the African lakes, had appeared across the ancient Gondwana 
Continent early in Tertiary. This row of lakes became gradually, and 
probably in Oligocene, a marine channel separating the eastern and west- 
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Fig. 8. Diagram, showing the composition of bottom core samples across the Atlantic, 

inside the area of the Gulf Stream, collected by Dr. C. 8. Pragor in 1936. This diagram 

contains the first geological proof that the continent Atlantis existed until well into 
prehistoric times. (From Piaa@or 1938.) 


The occurrence in certain of the core samples of remains of Foraminifera only living 
in cold water indicates that these strata were laid down in times with a colder climate 
than the present one, i. e. colder periods of the Great Ice Age. Some of the cores may reach 
down to the beginning of the Wiirm (Wisconsin) glacial stage. The present sedimentation 
in the area of the Gulf Stream is uniform and free from inorganic mud. The bottom streams 
are too slow to transport sand and mud for any distance, and such transportations can 
only be accomplished by surface streams carrying floating ice. The great difference 
in the deposits on the two sides of the now submarine Mid-Atlantic Ridge, here locally 
named Faraday Hills, indicates definitely that this ridge once separated a cold surface 
stream carrying floating ice and coming from the north, from the warm, mud-free Gulf 
Stream. This separation could only have been accomplished if the Mid-Atlantic Ridge 
then reached above the water level. This ridge was part of a continent during the Pleisto- 
cene and remained above water for many thousands of years after the end of this epoch. If 
the extra contribution of voleanic ash to the Post-glacial marine sediments is left out 
of consideration, core no. 10 shows that inorganic sediments were deposited for as long a 
time during this Post-glacial Epoch as the duration of the last cold period itself. It is 
thus evident that the continent we have called Atlantis may well have been contemporary 
with the older Egyptian culture. According to radioactive dating the base of the upper 
zone that contains volcanic ash, was deposited 12 000 years ago. 
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ern parts of that continent. This geosynclinal and elongately S-shaped 
marine channel became gradually deeper and deeper. From its bottom 
rose then in Miocene, 14-16 million years ago, a mountain chain or elonga- 
ted continent, the present Mid-Atlantic Ridge. 

Before this range rose out of the marine depression, this marine chan- 
nel was flanked on both sides by continental blocks. Simultaneously 
with the increasing depression of the bottom of the channel, the flank- 
ing anticlinal continental blocks were elevated and accordingly eroded 
on their surface. When the bottom of the geosyncline finally rose, the 
flanking continental blocks lost their common abutment, and collapsed. 
They diminished then their curvature, sank, and exposed thereby the 
still soft base of the newly uplifted former geosynclinal bottom between 
them to a tremendous lateral pressure. The sedimental layers of the 
just elevated parts became folded and wrinkled longitudinally into 
a mountain range. This range was later sculptured by running water. 

When these former continental blocks lessened their curvature and 
sank, they became either inundated by the sea or not, but they remained 
positive vaults (anticlines) and were separated from the newly eleva- 
bed ridge by a synclinal depression, viz. remnants of the original marine 
basin or channel. If these changes took place in the Miocene, the cli- 
mate was then still warm and the expansion of the vaults continued 
‘or millions of years. Towards the end of the Pliocene this development 
sulminated, and before the transgression at the beginning of the Ice Age 
et in, the geographical situation of the North Atlantic Region was as 
ollows: Along the middle stretched a narrow, mountainous continent, 
n a general north to south direction and flanked on both sides by marine 
lepressions. Beyond these stretched on each side a low and rather broad 
ontinent. Between the westerly of these and the American Continent 
yas a marine depression that in its southern part was subdivided by 
he Bermudas Anticline with its present sea-mounts above water. It seems 
s if the low and broadest of the continents had a depression in its middle 
ossibly occupied either by fresh-water lakes or by the sea. 

When the great transgression between the Tertiary and the Quater- 
ary occurred the cold water caused a lessening of curvature of all 
hese vaults of the earth’s crust. All vaults of the present Atlantic Re- 
ion, except for the Mid-Atlantic Chain and the Bermuda Range with 
is present sea-mounts, resumed an almost horizontal level. The North- 
yest Atlantic Basin consists accordingly of at least three, and possibly 
yur synclines (negative vaults) separated by positive ones. Nowadays 
hese vaults are almost on the same level due to constriction owing to 
he cooling influence of the ocean water, whereas before the transgression 
hey must have been strongly depressed, respectively elevated. Those 
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parts of the present ocean bottom, which are almost deprived of measur- 
able loose sediments were land before the Ice Age; in the former marine 
depressions mighty masses of unconsolidated sediments are accumu- 
lated. Lateral to the anticlines thick strata of probably Tertiary sedi- 
ments previously washed down from the former high-lands cover the 
magmatic rocks of the crust. Their existence has been demonstrated 
by means of seismic methods. 

The coarse sand, resembling that of beach-sand, which was found faa 
off from any coast in the deep sea, may really belong to former shore- 
lines. The first impression of Ewrne, when in 1947 he found deep-sea sand, 
was of a former shore-line as stated in the Geographical Magazine (1948), 
but this interpretation must later have seemed to him too fantastic. 
and the sand is now ascribed by him to the activity of turbidity currents 
1 000 miles from their origin. The dumping of an isolated load of coarse 
sand at such a distance seems to be beyond the power of even the mighti- 
est of turbidity currents. 

A consequence of our presumption of the existence of a land-bridge 
between Greenland and Europe during the Ice Age and that the Mid-At- 
lantic Ridge also reached above the surface of the sea would be that the 
Gulf Stream could not reach either Europe nor enter the Arctic Ocean. 
This stream must instead have been forced to turn in part Northwest 
towards the Baffin Bay Region, and thus give these now barren tracts 
a much more genial climate than the present one, and this during the 
entire Quaternary. A confirmation that this may have been the case is 
that the eastern coasts of Newfoundland and of the New England 
States never were covered by a land-ice. 

In every marine basin on the Northern Hemisphere a warm current 
from the south will turn eastwards and wash the eastern shores of the 
basin. From the same cause, viz. the movement of the earth around 
its axis, a cold current from the north will follow close to the western 
shores of the same basin. (Compare the warm Kuro Shio and Gul 
Streams and the cold Bering and Labrador Streams to-day.) Therefore 
the narrow continent of the Mid-Atlantic Ridge enjoyed in its northerr 
parts a genial climate along its western shores, where it was washed by 
the Gulf Stream, at the same time as a cold marine current washed its 
eastern shores. 

Simultaneously a warm, humidity bringing current from the south 
was directed towards West Africa and Southwestern Europe, (Fig. 3—5 
Accordingly the Saharan Desert must then have been a more fertile lan¢ 
than now. On ancient rock-carvings people and herds of cattle are alsc 
depicted where now extreme desert conditions prevent any permanent 
human settlements. Egyptian documents from about 1200 B. C. nar. 
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rate that in Libya extreme droughts during several succeeding years 
then had deserted the land. The despair of the population drove them 
towards Egypt where they were defeated and made prisoners by 
Ramses III. This may have been the time when the present cold 
Canary Current replaced the old current from the south? 

It seems almost incredible that so gigantic geographical changes 
should have occured in so comparatively recent times without our 
knowledge, but we cannot come around facts. Nizs ODHNER and the 
present author have in a team-work for years tried to find any errors in 
the conclusions, but in vain. Now it must be admitted that the grea- 
test changes occurred already at the beginning of the Quaternary, but 
we must not forget that land connections and now sunken continents 
existed in pre-historic times. These changed geographical conditions 
must have affected many different sciences. We have to take into re- 
consideration not only climatology, biogeography, etc., but also archeol- 
ogy, and the movements and migrations of peoples must have been 
affected. 

To think of the Mid-Atlantic Ridge as a continent, formerly connec- 
ted with Europe, Africa, and America and not believe this continent 
to have been inhabited by Man would be unrealistic. When this 
continent, that we may name Atlantis, sank and was trans- 
ferred into a row of islands, communication between the different islands 
became a necessity to the inhabitants. It is most probable these islanders 
had sea-going vessels of some kind at least as early as such an inland 
and river people as the Egyptians. We know that the Egyptians had 
large boats for use on the open sea 2700 years B. C. 

M. Ewrne and W. L. Donn (15 June 1956) advanced »A Theory of 
Ice Ages». According to this theory it was mainly humidity from an 
ice-free Arctic Ocean and not from the Atlantic that fed the North Amer- 
ican and European ice-fields during the warm Interglacials of the 
Quaternary. Generally it has been assumed that, as snow and ice accu- 
mulated on the ice-fields, the oceans were deprived of so much water 
that the surface of the sea was lowered about 100 metres. Hwrne and 
Donn think a serious reduction then occurred in the interchange of 
water between the Arctic Ocean and the Atlantic. As a consequence 
the Arctic Ocean would become frozen. The evaporation from it dimin- 
shed then, and the ice-fields of the Northern Hemisphere withered 
way. The surface of the oceans rose then again, and the Gulf Stream 
ould anew warm up the Arctic Ocean. The entire procedure would 
shen start all over once more, and we may in the future expect a new 


ice Age. 


The two authors do not reckon with any vertical movements in the 
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earth’s crust, nor with any changed directions of the Gulf Stream. They 
admit themselves that their advanced theory does not explain the first 
origin of glaciation and why glaciation had not occurred already during 
the Tertiary. For that reason they have dusted off the already gen- 
erally discarded polar displacement. 

A polar displacement the two authors have accepted as to have occur- 
red at the beginning of the Quaternary, saying: »The Pleistocene and 
Recent climates, characterized by marked zonality, were thus estab- 
lished.» During the Cretaceous and the Tertiary the North Pole would 
have been situated in the Pacific, and the mechanism producing this 
polar displacement would have been convectional activity. 

As already stated on p. 197, the great thickness and rigidity of the 
crust and the mantle of the earth make the nonexistence of all convec- 
tion currents in the mantle and a displacement of the continents out of 
question. There remains then only a relative movement. between the 
rigid shell and the fluid central core that could produce a polar change- 
ment. What forces would produce the convectional activity in the 
core, and how this activity could produce the above mentioned rela- 
tive movements, the two authors do not explain. 

Rerp and CHANDLER (1933, p. 71) have stated from botanical studies 
of the London Clay Flora that the zonal distribution of land plants in 
the entire Northern Hemisphere has not changed its centrum around 
the North Pole since the Eocene, and was »at least as late as the Lower 
Miocene, under the domination of a tediously monotonous summer- 
green forest flora.» Owing to the general deterioration of the climate to- 
wards the end of the Tertiary, the flora changed its character, but not 
its zonal distribution around the North Pole. From both geophysi- 
cal and biological causes every theory of polar wandering in the Terti- 
ary or the Quaternary must accordingly be rejected. 

Scandinavian geologists have years ago established that an elevation 
of the continents has occurred during the Tertiary. This overelevation 
of the continents has generally been accepted by geologists. This over- 
elevation can not, on the other hand, be attributed to a recoil of the 
earth’s crust after the melting of a heavy ice-sheet, as has been postu- 
lated for the Postglacial uplift of Scandinavia. From the Constriction 
Theory’s view it was heat from the earth’s interior that, during a warm 
climate, raised the temperature of the crust and thus increased the cur- 
vature of the geoanticlines resulting in an overelevation of the conti- 
nents. The abutting geosynclines were also heated, expanded, and were 
strongly downbulged. A considerable lowering of the general sea-level 
occurred when the ocean waters accumulated into the depressions, and 
the atmosphere followed. This increased further the elevation of the 
continents and their summits reached then up into colder altitudes. 
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According to the »Relief Hypothesis» of Ramsay (1924) this over- 
elevation of the continents and lowering of the sea-level during the 
Tertiary was one of the main causes to the Ice Age. In the present 
author’s opinion, this overelevation caused an unstable climatic condi- 
dition, so that the variation of the angle of the earth’s axis to the rays 
of the sun, in the sense of Mrmanxovitcu, acted in a trigger action be- 
bween Glacial and Interglacial stages. 

We know that in the Antarctis the ice-fields are fed by an easterly 
wind blowing along the margin of the ice, to the south of the west-wind 
delt. Conditions ought to have been somewhat similar around the North 
Pole as long as the Arctic Ocean was frozen. 

According to the theory of Ewine and Donn the humidity from an 
ce-free Arctic Ocean south of Spitzbergen to the American ice-fields 
vould first have to cross the ice-fields of Greenland. There the wind 
vould lose most of its humidity, and hardly any snow would reach the 
(merican main-land. From the northern parts of the Polar Basin humid- 
ty may have caused some glaciation in Alaska or Siberia, but could 
yardly reach the Keewatin, and certainly not Labrador. Glaciation 
n Alaska has been confined to the southern parts, but was lacking in 
he north. Most probably the Alaskan ice-fields were fed from the Pacific. 

From the West Atlantic Basin, with its rather warm waters, humid- 
ty could in the present author’s opinion reach the Labrador and Kee- 
vatin ice-fields almost directly. The direction of the Gulf Stream to- 
yards the Baffin Bay Region during the Quaternary would also be 
nost helpful in bringing humidity to these ice-fields. Once that direc- 
ion of the Gulf Stream changed towards the Arctic Ocean, the Amer- 
can ice-fields must have suffered a severe reduction in their supply 
nstead of an increase as suggested by Ewrne and Donn. That changed 
irection of the Gulf Stream may have played an important part in 
he withering away of the American ice-fields. The European ice- 
ield got its humidity from the East Atlantic Basin with its warm 
urrent from the south. This warm current continued thousands of 
ears after the end of the Ice Age. It was accordingly not a lack of 
umidity, but rather the raised general temperature that made the 
juropean ice-fields disappear. 

The last advance of the Ice Age in America (Mankato) occurred about 
1000 years ago. Barpara Beri (1953) states in »Climatic Changes»: 


yRadiocarbon dating indicates that the pattern of retreat of the last ice 
eet was closely parallel in Europe and North America. Following the reces- 
on of the last ice sheet about 8 000 B.C. the climate became considerably 
armer than at present, resembling, during the Climatic Optimum (5 000— 
000 B. C.), the climate of an interglacial period. Then in the Sub-Atlantic 
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Fig. 9. Sketch-map of the North Atlantic with the 600 m isobath. (From MauatseE 1951. 


The site of the former land-bridge between Europe and Greenland over Iceland is clear, 
marked, and also the sites of the Quaternary outlets from the Polar Basininto the Atlantic 


or Peat-bog period the climate became again more glacial, with increase 
storminess and precipitation, and the re-forming of many glaciers that ha 
disappeared at the time of the Optimum.» 


Once there was an advance 11000 years ago, the ice-fields of th 
world could not at that time already have melted away enough to hav 
caused the opening of the Arctic Ocean for an influx of Atlantic water 
as indicated by the observations made on the »Sadko». This first influ 
of Atlantic waters into the Arctic Ocean 10-12 000 years ago, presup 
poses the former existence of a much more complete barrier betwee 
the two oceans than a mere lowering of about 100 metres of the sea-level! 
With a present depth of 583 m in the Denmark Straits and of 521 n 
between the Faroe and the Shetland Islands a lowering of the sea-leve 
of about 100 m could not even during a most heavy glaciation preven 
Atlantic waters to penetrate into the Arctic Ocean (Fig. 9). I 
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seems much more likely that the warming up of the Arctic Ocean, 
caused by the entering of the Gulf Stream, raised the temperature of 
the entire Northern Hemisphere than that a lack of humidity caused 
the receding of the ice-fields. 

The increased influx of Atlantic Ocean waters into the Arctic Ocean 
also observed by the »Sadko» scientists, and dated by them to the Cli- 
matic Optimum, must have raised the temperature of the Arctic Ocean 
and made it ice-free. Ewrne and Donn want to date the evidences 
for an open Arctic Ocean given by Brooks and other authors to Wis- 
consin time rather than to the Climatic Optimum, but their suggestion 
is poorly or not at all supported. If their main theory had been correct, 
then an ice-sheet would have begun to be created during this Optimum 
in such an old glacial centrum as Scandinavia, or at least would extreme 
arctic conditions have prevailed there. A warmth-loving flora and 
fauna penetrated then, on the contrary, further north than at 
present. 

We may accordingly, in the present author’s opinion, reject Ewine 
and Donwn’s theory, and in the future expect only smaller fluctuations of 
the general temperature, but the returning of a real Ice Age is out of 
probability as long as the Gulf Stream does reach Europe and the 
Arctic Ocean. The climatic situation is not unstable any longer as dur- 
ing the Ice Age. The increase in carbonic dioxide in the atmosphere 
from human industrial activity may partly be responsible for the 
observed recent regression of the glaciers? 

Ewrne and Donn have probably taken up the idea of polar displace- 
ment owing to an article by Karu A. Pavuty (1952), who says on 
page 89: 


»In a paper entitled The Borderland of Geology and Astronomy, A. 8. Hdding- 
ton suggested that the Great Ice Ages were caused by shifting of the earth’s 
outer crust over the interior, as a result of tidal friction. Under the influence 
of tidal friction alone the litosphere would drift in an east-west direction, but 
Eddington also suggested that its coarse might be altered by excessive local fric- 
tion between it and the substratum caused by buckling of the lithosphere.»... 
»If the lithosphere was displaced during the Great Ice Ages, we should expect 
ice sheets to develop in the polar areas with the poles at approximately 
their centers. I shall therefore assume that the lithosphere was so displaced 
during Pleistocene time, and that the North Pole lay, successively, approxi- 
mately under the centers of the Pleistocene ice sheets of the Northern Hemi- 
sphere»... »Although the elevation of the terminal moraines of free-flowing 
mountain glaciers are affected by a large number of conditions, latitude is 
one of the major factors. Therefore, a close approximation to a true altitu- 
dinal curve indicating the relationship between these terminal moraines 
and their respective latitude can be prepared, provided this curve is based 
on enough points to reduce the effects of other factors to a satisfactory degree.» 
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If this hypothesis should be true, then the center of the Pleistocene 
Ice Age would first have started in the Pacific to the west of North 
America and successively passed from the Rocky Mountains over 
Keewatin, Labrador, Western Europe, to its present position over 
the North Pole. Then the alternating Glacial and Interglacial periods 
would be inexplicable and the synchronomy of the epochs in America 
and Europe would be fictitious. From dating with Carbon—14 isotopes 
we know that the last glacial advance (Mankato) occurred only about 
11 000 years ago, and not later in Europe than in America. 

The earth’s geoid depressions of 21 471 metres over the present poles 
indicate that these depressions are-bound to the earth’s axes. If polar 
displacements have occurred during the Pleistocene, then the polar 
depressions must have followed the successively wandering poles at 
that time too. The Keewatin, Labrador, etc. centers must accordingly 
also have been successively depressed to similar depths. The rigidity 
of the solid mantle and outer crust, with a combined thickness of 
2900 kilometers, must have offered a tremendous resistance towards 
any changes, and it is most questionable if the tidal forces, said to be 
responsible for the displacements of the poles, are of the required mag- 
nitude to overcome this resistance. The purely hypothetical occurrence 
of buckles on the under surface of the solide mantle in addition to the 
polar depressions and capable of altering the course of the lithosphere 
of the earth’s closed vessel must apparently be temporary formations 
of altering shape. The existence of such buckles are utterly improbable. 

Man is not indigenous in the American Continent, and it has always 
been almost axiomatic that Man came from Asia across the Bering 
Straits. On the other hand, it has always been hard to explain how 
Man could cross the immense inland-ice that sealed off the ice-free 
Northern Alaska from the rest of the contment during the Quaternary. 
With the possibility of his coming from Europe, not to speak about 
mythical sunken continents, nobody has reckoned. 

Whereas the majority of the recent Amerindians from both North- 
and South America are Mongoloid and brachycephalic (short-headed), 
the Paleoindians were Australoid and extremely dolichocephalic (long- 
headed). Most Paleoindians were hunters, and their prey constituted 
mainly of now extinct mammals. When Man first came to the Ameri- 
can Continent nobody can say, but some of the more primitive arti- 
facts indicate the last Interglacial, or perhaps they came still earlier? 

The striking similarity between artifacts from the European and 
the American Continents indicates as most probable that the main 
immigration to America during the Quaternary really was coming 
from the east. We need only point out the striking similarity between 
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Fig. 10. Flint points from Sandia Cave, New Mexico (left) compared with two Solutréan 
points from Morocco and France. (From MacGowan 1950, Early Man in the New World.) 


_ Both these hunting peoples were approximately contemporate, and swept over North 
America and Western Europe during a cold stage of the Wiirm (Wisconsin) Glacial Epoch 
(About 25 000 years ago). Both these peoples were the first to introduce the superior 
»pressure flaking technic». In the author’s opinion, both these peoples originated in At- 
lantis, and from Iceland they arrived to the American or European Continents along the 
then still existing land-bridge. ‘ 


artifacts of the Solutréans of Western Europe and those of Sandia 
Man in America (Fig. 10). 

The flint points of these two peoples, that lived separated by the 
Atlantic Ocean at approximately the same time during the Wis- 
consin (Wiirm) Glacial Stage, are mutually extremely similar, but 
otherwise almost singular in their general shape. This similarity has 
already been noticed by archeologists, but nobody has dared to advance 
that they should belong to the same cultural source. The Atlantic 
Ocean has been regarded as impossible to cross for the hunting peoples 
of that time. The similarity has been regarded as an undisputable 
example of parallel development. Had it only been a question of a simi- 
lar general shape, one would nevertheless have been justified in speaking 
of a parallel development, but when both these peoples also were the 
‘irst to introduce the superior »pressure flaking technique» in shaping 
eir flint-points, the coincidence begins to be astonishing, not to say 
ubtful. With the now obtained knowledge of the existence of a land- 
e between Europe, Atlantis and Greenland, that made voyages 
er the open sea unnecessary at that time, then the theory that the 
lutréans and the Sandia was the same people becomes quite credit- 
le. They came probably from Atlantis, and from Iceland they turned 
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Generalized Folsom 


Plainview 


Fig. 11. Some flint points for throwing spears (Atlatl) used by peoples of the hunting high 


cultures of North America. (After MacGowan 1950.) 


The razor sharp edge was obtained by flaking away under pressure almost microscopic 
flakes. The outstanding feature of the Folsom and the Clovis Fluted (Generalized Folsom) 
points, is that a large, elongate flake has been removed from each of the flat sides. These 
points are accordingly grooved or fluted with a groove like that of a bayonet. How this 
was done will probably for ever remain a secret. Folsom Man lived about 10 000—12 000 
years ago and hunted almost exclusively a now extinct buffalo, Bison taylori, Llanos 
Man was older and he used the Clovis Fluted points. They are mostly connected with ele- 
phants or mammoths that roamed the North American Continent not much later than 
13 000 or 15000 years ago. 
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Also some other of the older Paleoindians, as for instance, the elephant 
hunting Llanos Man may have come from Atlantis, where elephants 
were plentiful. These hunters may have followed herds along the shelf- 
land of Southern Greenland, where the climate then was genial owing 
to the Gulf Stream. The Folsom, Yuma, Plainview, and similar cultures 
had, on the other hand, probably developed locally (Fig. 11). 

Once the Denmark Straits opened up at the end of the Ice Age, further 
immigrations from the east ceased, and it was not taken up again for 
many millennia, or until the Atlantic Ocean could be crossed with the 
help of some kind of sea-going vessels, possibly rafts of Kon-Tiki type. 
In the meantime the ice-sheet, that had blocked the way to Alaska, 
melted away. Once this had occurred, Mongoloid tribes from across 
the Bering Straits trickled uncessingly millennium after millennium into 
the American continent until the Mongoloids constituted the majority 
of the American population. 

The univocal geological proofs of the former existence of the Con- 
tinent Atlantis until far into pre-historical times will certainly be most 
useful in explaining many archeological problems. This most unexpected 
discovery will also be helpful in explaining yet unsolved problems con- 
nected with climatology and the Great Ice Age. The specialization of 
many modern scientists has sometimes been carried so far that several 
of them are more or less ignorant of more disciplines than their own. 
Nature and the laws of it constitute on the other hand an undivisible 
whole, and causes and results are intimately interwoven. If results 
from one discipline are obtained that make old established theories 
questionable in another discipline, then these old theories must be sub- 
ject to revision, and either discarded or changed in accordance to the 
new facts obtained. Geographers and other scientists have hitherto 
always regarded the present distribution of land and sea as permanent, 
but we must also consider possible changes of present conditions, when 
dealing with problems of oceanography, climatology, pre-history, etc. 
From now on, the Continent Atlantis has emanated from the dim world 
of myths and sagas and taken its place in modern geology, archeology, 
and history. 


Addendum 


After the above was sent to press, the author came across a paper 
by Bruce 0. Hexzen on »The Origin of Submarine Canyons» (The 
Scientific Monthly, August 1956). In this paper it is regarded as definite- 
ly proved that all submarine canyons, including the Mid-Atlantic 
one, are originally excavated by turbidity currents. Against this view 
the present author wants to object. 
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As already pointed out, turbidity currents probably do occur, and 
their power of transporting fine mud for great distances has never been 
questioned. Once a turbidity current has started, it may rush down 
the slope of the continental shelf, but, if there is not already a canyon 
along its path, it is probably spreading out more or less in a fan-like 
fashion, and the further it is reaching, the more it is broadening. The 
resistance the current will meet from the surrounding waters is increasing 
and the speed of the current will decrease rapidly. Sedimentation of 
sand may start already on the shelf itself, and the finer mud will be 
spread over a large surface of the sea-bottom not very far from the ori- 
gin of the current. The excavating capacity of the current, if any at all, 
is probably restricted to its uppermost part. Should the current happen 
to find a previously excavated submarine valley or canyon along its 
way, then this canyon will be helpful in keeping the current together, 
and the range of the current will then increase, and sedimentation will 
start further away. In any case, the coarser material will settle at first 
and then successively finer and finer as the speed of the current is de- 
creasing. It is very hard to believe that coarse sand may be carried for 
thousands of miles over an almost level sea-bottom and then suddenly 
be dumped in a limited space in the middle of an ocean basin. That 
fine mud containing minute organisms may be carried far from the 
shelf and settle on the bottom of an ocean basin is quite believable. 

The water of a subaerially running river is kept by its weight inside the 
banks of the river close to the bottom, and the friction of the air against 
the water surface is inconsiderable. The friction of the surrounding 
sea-water against a turbidity current must be much more strong and 
tend not only to slow down the speed of the current but also to raise 
the surface of the current and make it overflow the borders of the 
canyon inside which it is rushing. If any excavating power should be 
attributed to a turbidity current, rushing over the almost level bottom 
of an ocean basin, then this excavating capacity would not be confined 
to the bottom of the canyon only, but also to its steep sides. Such a 
canyon would never be »box-like», but on the contrary trough-shaped 
in cross section. To imagine that a multitude of separate turbidity 
currents (Fig. 12), emanating from different places along the coasts of 
Greenland, starting separately and at different times, should join into 
one single path and there excavate a box-shaped canyon several thou- 
sands of miles, must create astonishment. Add to this that the thus 
excavated canyon on its way also breaks through a prolongation of a 
mountain ridge as far away from its origin as outside Newfoundland. 
Its energy and excavating capacity must accordingly be regarded as 


almost miraculous. 
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Fig. 13. Origin of deep and shallow earthquakes, marine troughs, tsunami waves, and volea- 
nism along young (Tertiary) mountain chains on coasts of the Pacific type. 
(From Matatse 1951.) 


If a mountain range, running along a coast, becomes subject to marginal constriction, 
its submarine base and the broad ocean bottom outside the coast both constrict. These 
two constricting forces will then pull in opposite directions with tremendous force. The 
limit between these diverging forces will coincide with the superficial crush-zone origina- 
ting from the upheaval of the range, if this is still young. Starting from these old cracks, 
the diverging forces will tear apart the earth’s crust, and a fissure or crack-zone, filled 
with rock-fragments of all sizes will open up. As the cooling reaches further down the fis- 
sure will penetrate deeper and deeper, down to a depth of 600 — 700 kms, slowly widening 
at the same time. Now and then the rocks in it will lose their hold and fall down until 
they again become wedged. The deepening of the cracks and the rock-falls cause the earth- 
quakes, and the fore-deep marks the opening of the fissure. With such a deep and gradually 
yielding fissure running along the coast, the marginal constriction may press on the sub- 
crustal masses with unrestrained force, make them liquid, and force them to escape through 
volcanoes. Along coasts with old ranges, as Norway or Brazil, the old superficial crack- 
zone has long since disappeared and has been replaced by a crust with greater strength. 
Here the continental slope merges gradually into the outer ocean bottom. The marginal 
constriction is therefore hampered by the pull and tension from the constricting ocean 
bottom resulting in a general subsidence without producing volcanoes, probably because 
of insufficient liquification of the subcrustal masses. These masses may only make their 
way beneath the continent, where they cause positive gravity anomalies. Volcanoes 
are thus nowadays confined to the vicinity of deep cracks, or to islands, etc. where the 
marginal constriction may press from more than one side. (For explanation of »Marginal 
Constriction», comp. The Earth Science Digest, March 1950, p. 7.) 


Suppose a turbidity current, originating from Newfoundland or 
Labrador, comes rushing down towards the Mid-Oceanic Canyon. To 
begin with the head of the current would plunge over the rim of the 
canyon. In most cases the current would come to an abrupt stop, and 
an immense cloud of fine mud would raise over the rim of the canyon. 
The gradient inside the canyon is so small that only a very limited 
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part of the current would turn south and only slowly proceed along the 
canyon. Most of the load would be dropped inside the canyon or in 
its immediate vicinity. Had the current been extremely large, then the 
environments of the canyon would be inundated and a muddy »lake» 
be created. Before the muddy water of this »lake» gradually would 
trickle away downhill, only its finest mud would still be kept in sus- 
pension. All the excavating capacity the current once may have 
possessed would be gone. 

In places without a mid-oceanic canyon, a turbidity current 
may pass the middle or deepest part of the basin and then the speed 
of the current would gradually diminish on climbing the opposite 
gradient until a similar »lake» appears. Tributary turbidity currents 
may accordingly not partake in the excavating of a mid-oceanic canyon. 
To attribute this excavation to turbidity currents from head-waters 
up in the Baffin Bay or the Denmark Strait is also out of question, 
partly because of the immense distance, the low gradient, and that the 
majority of the currents also there would meet the mid-oceanic canyon 
almost perpendicularly. 

The shape, length, and geographical position of the Mid-Oceanic 
Canyon makes it utterly improbable that it should have been excavated 
originally by turbidity currents. It has neither been excavated by ma- 
rine tsunami waves, but these waves have most probably been instru- 
mental in keeping the once excavated canyon free from mud. Every- 
thing supports, on the other hand, the theory that this canyon has been 
excavated subaerially by a river coming from the once land-locked 
Arctic Ocean at the end of the Pliocene. This was the time when the 
down-bulging of the bottom of certain marine basins reached its maxi- 
mum, as explained by the Constriction Theory of OpHner already 1934. 
If we accept this theory, there is no difficulty in explaining the down- 
warping of a part of the bottom of the basin, and why the canyon now 
is suspended on the lower part of the continental slope and does not 
follow the deepest part of the basin. 

According to notices in daily American newspapers of the Ist Feb- 
ruary 1957 Professor Maurice Ewine of the Colombia University an- 
nounced the discovery of extensive cracks in the bottom of the Atlantic 
Ocean. Similar cracks were also noticed in the Eastern Pacific and in 
the Indian Ocean. 

The present author advanced already in 1951 the theory that the ma- 
rine fore-deeps (grabens) constitute the mouth of immensely deep cracks 
in the earth’s crust. These cracks originate from a shrinking of the 
earth’s crust beneath the oceans as a result of the contact with the al- 
most ice-cold waters of the bottoms. The Fig. 13 is taken from this 
book, and the text is the original one. : 
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Abstract 
The Copper Mineralization of Northern Rhodesia and Katanga 


In October 1955 the author visited the copper belt of Northern Rhodesia and Katanga. 
Based on impressions from this visit and data from avaiable literature a review is given 
of the general geology of the region and also a few short descriptions of some of the mineral 
deposits. The main lines in recent discussions on the genesis of the deposits are outlined, 
reference is made to both the syngenetic and epigenetic points of view. Finally, and 
without further pretentions, some personal reflections on these problems are offered. 
Thus, in spite of beginning with a fairly strong notion of a syngenetic origin of the strati- 
form ores, the author arrived at an epigenetic interpretation, mainly along the following 
lines of reasoning. 

Most features of the deposits lend themselves to both interpretations. The deciding 
feature then is the very strong variation in the petrographic type of the mineralised 
sediments, which comprise arkoses and sandstones (at Nchanga), black carbonaceous 
shales (part of Nkana) and typical dolomites (part of Nkana and in Katanga). This 
variation necessarily reflects similar strong variations in sedimentary environment, which 
seems difficult to reconcile with a syngenetic origin. 

Regarding the problem of a source for the ores it is felt that even if pegmatitic dikes 
and quartz—tourmaline-veins are interpreted as metamorphic products, this meta- 
morphism was accompanied by such a transfer of material that it may also have in- 
cluded the transport of ore-solutions. In many respects it resembles the process of 

ranitization, and it is especially tempting to apply the case of mantled gneiss domes, 
after Eskola. 

Also the intrusive greenstones may merit some consideration because of their rela- 
tions to the tectonics of the sediments, geochemical anomalies in the surface soils, the 
peculiar association Cu—Co in the ores, and analogies with the Great Dyke of Southern 


Rhodesia. 
. ; 15—573060. G.F. F. 1957. 
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Regarding the stratiform nature of the deposits interesting analogies are offered by; 
the likewise stratiform galena deposit of Laisvall, Sweden, which is clearly epigenetic. 

The intimate relationship between mineral zoning in the ore and sedimentary facies: 
of the enclosing sediment, as described from Roan Antelope, may also be explained! 
from an epigenetical point of view. The zoning is expressed as a variation in the pro-. 
portion of iron sulfide to copper. In the precipitation of sulfides one of the most important! 
controlling factors is pH. The pH of the ore bearing solutions may vary due to reac-- 
tions with the wall rock, the dolomite content of which may be the most influential | 
single component in this respect. Thus, a higher dolomite content will raise the pH of: 
the solutions and favour precipitation of iron sulfide relative to copper. From Brummer’s: 
diagrams (p. 304, 309) it is evident that within the ore horizon the iron sulfide content| 
varies together with the content of MgO, total sulfide being approximately constant. 

The hospitality of the mining companies of Katanga and Northern Rhodesia and 
the helpfulness of their officials and geologists are gratefully acknowledged. Special 
thanks are due to W. G. Garlick and J. H. Vaes. 


Inledning 


Kopparmineraliseringen i Norra Rhodesia och Katanga tilldrar sig 
intresse ur flera synpunkter. Den har givit upphov till en av varldens 
stérsta kopparmalmsprovinser, enbart for den del som faller inom 
Norra Rhodesia uppgav Bateman fér nagra ar sedan en reserv pa 
ung. 500 000 000 ton kopparmalm med 4 % koppar. Redan den eko- 
nomiska betydelsen gér att dessa stora f6rekomster tilldrar sig geolo- 
giskt intresse, men dessutom ar mineraliseringen av en enkel men anda 
egenartad och svartydd karaktar, som siarskilt under senare ar har 
givit anledning till livliga diskussioner inom geologiska fackkretsar. 
Gar man t. ex. igenom de senare argangarna av Economic Geology 
och Bulletin of the Institution of Mining and Metallurgy, finner man 
ett antal uppsatser om dessa forekomster samt 6ver femtio diskussions- 
inligg. Detta kan ocksa motivera att hair meddelas nagra intryck fran 
en resa inom omradet, som féretogs under oktober 1955. Resan om- 
fattade 1 Katanga foljande fyndigheter: Kipushi, Etoile du Congo, 
Ruashi, Kambove, Musonoi och Ruwe, och i Norra Rhodesia: Nkana 
gruppen, Nchanga, Bancroft och Chibuluma. Dessutom hade jag under 
resan tillfalle att ta del av kartor och arbetsmetoder samt vetenskapliga 
resultat av den verksamhet, som de olika gruvbolagen bedriva. Under 
hela resan motte jag stérsta tillmétesgaende, gistfrihet och vetenskap- 
liga 6ppenhet hos gruvbolagen och deras representanter, och for detta 
vill jag uttrycka min tacksamhet till Union Miniére du Haut Katanga, 
Anglo American Corp. Ltd, Rhodesian Selection Trust och deras repre- 
sentanter samt geologerna Schuiling, Vaes, Hirt, Halse, McKinnon, 
Irish och Garlick. Speciellt med Garlick och Vaes hade jag langa, 
ingaende och ytterst givande diskussioner och vill hir tacka dessa 
bada for deras vinlighet och talamod. 

Sjalvfallet raicka reseintryck, om ocksd kompletterade pa detta satt, 
inte till for en framstéllning dver ett si omfattande imne. Framstall- 


ningen har dirfor kompletterats med uppgifter, som himtats ur littera- 
turen. 
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Allmiin éversikt 


Kopparmineraliseringen traffas inom ett omrade pa ungefiar 12°.5 syd- 
lig bredd omkring grénsen mellan Belgiska Kongo och Norra Rhodesia. 
Den har givit upphov till en rad stora malmer, som uppvisa patagliga 
likheter till typ och paragenes. De dro alla knutna till bergarter, som 
bilda ett enhetligt sedimentirt system, System de Katanga, vilket 
veckats till en enhetlig, numera helt nederoderad bergskedja, Katangi- 
derna. 

Landet ar i dag en ganska jamn hégslatt pa ung. 1 200 m héjd dver 
havet; den politiska grinsen mellan Belgiska Kongo och Norra Rhodesia 
foljer noggrant vattendelaren mellan floderna Congo och Sambesi. 
Inom Katangaomradet ar landet nagot mera sdénderskuret an inom 
Rhodesia, men som regel kan anda sagas, att hela omradet erbjuder 
fa blottningar och i allmanhet ar taéckt av ett maktigt lager vittrings- 
jordar och en gles, lag skogsvegetation. Endast mot erosionen mera 
motstandskraftiga bergarter ge upphov till ryggar, som ange den 
geologiska strukturen. Den geologiska kartbilden bygger darfér i stor 
utstrackning pa gravgropar, observationer av float (block), samt iakt- 
tagelser Over vittringsjordens karaktar, vegetationstyper o. s. v., varvid 
sirskilt pa senare tid en tolkning av flygbilderna med hansyn till 
dessa fenomen visat sig vardefull. 


Stratigrafi 


Systeme de Katanga omfattar en maktig lagerféljd av sandiga, leriga 
och karbonatrika sediment, vilka avlagrats inom ett biacken, som 
mojligen ursprungligen haft karaktér av en nord-sydlig gravsinka 
begrinsad av Kibara-horsten i vaster och Fort Roseberry-massivet 1 
oster. Backenet vidgar sig mot sdder. Underlaget uppbyggs av meta- 
morta, arkeiska bergarter, som vid tiden fér sedimentationens bérjan 
redan uppvisade en mogen topografi med restberg av motstands- 
kraftigare bergarter, sarskilt granit. 

Katanga-systemet dverlagras stillvis i sin tur av Karroo, som ligger 
flackt, nara nog horisontellt, och salunda icke deltagit 1 Katangidernas 
veckning. Som dnnu yngre bildning upptrader i faltets vastra del i 
Katanga Kalahari-sand och -sandsten, och det ar mdéjligt att dessa 
sediment har haft stérre utbredning och en gang tackt hela faltet. 

Katanga-systemets stratigrafi utarbetades forst av belgiska geologer, 
och en sammanstillning och korrelation for hela kopparbaltet genom- 
fordes 1930 av Anton Gray. Den indelning och nomenklatur, som 
da infordes, har vasentligen varit oférandrad sedan dess. Enligt denna 


1 Jfr Guernsry, 1950, och Cahen, 1954. 
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indelas Katanga-systemet i tre stérre serier, ndmligen nerifran och upp: 
Mine Serien, Mwashya serien och Kundelungo serien. 

Mine-serien indelas i tva grupper, vaésentligen med hansyn till den 
litologiska utbildningen, némligen Lower Roan och Upper Roan. Lower 
Roan bérjar stillvis med ett konglomerat mot underlaget och for da 
bollar av de aldre paragnejserna och den s. k. gamla graniten. Sedan 
vidtar en tjock avdelning av diskordantskiktade magnetitbandade 
arida eller eoliska kvartsiter, som uppat avléses av réda, likaledes 
diskordantskiktade faltspatforande sandstenar av fanglomerattyp. Hela 
denna avdelning ar rétt orolig och kainnetecknas av franvaron ay ut- 
halliga horisonter. Den avslutas ofta med ett konglomerat, som ibland 
ar dubblerat och kallas Foot-wall-konglomeratet. Ovanpa detta foljer 
en serie av vaxellagrande skiffrar, sandstenar och dolomiter, som till 
skillnad mot de foregaende bergarterna visar stor uthallighet och 
horisontbestaéndighet. Harefter vidtar 6vre Roan, som byggs upp ay 
maktiga dolomiter med inlagrade sandstenar och dolomitiska skiffrar. 

Pa Mine-serien féljer konkordant Mwashya-serien, som stallvis bérjar 
med ett konglomerat men i allmainhet uppges bérja med forkislad oolit, 
chert, jaspis och jarnsediment, vilka foljs av svarta och bandade 
skiffrar, som slutligen uppat dverga i faltspatforande sandstenar. 
Mine-serien uppges vara omkring 500 m miaktig och samma varde 
giller for Mwashya-serien. Ovanpa Mwashya-serien féljer, likaledes 
koukordant, det s. k. stora konglomeratet, en flera hundra m miktig 
tillitliknande bildning. I denna har patraffats repade stenar, och aven 
i Ovriga karaktarer (brist pa rundning och sortering) paminner den 
helt om en fossil morin. A andra sidan avviker den fran en sadan 
genom att man ingenstades patraffat ett glacialskulpterat underlag. 
Enligt nyare uppfattning skulle det kunna vara fraga om en en sub- 
akvatiskt avlagrad mordan, i likhet med den moran, som i dag avlagras 
pa sina hall i Antarktis. Ovanpa denna tillit foljer en nagra 10-tal m 
maktig skiffer och sedan en ung. 100 m miktig, karaktiristisk kalksten, 
Kakontwe-kalkstenen. Hégre upp kommer sedan en avdelning av 
skiffer (kalkiga och sandiga skiffrar) och filtspatforande sandstenar 
till en sammanlagd maktighet av 1.5—2 km. Denna avdelning sam- 
manfattas som undre Kundelungu. Den dverlagras av 6vre Kunde- 
lungu, som ater bérjar med en nagot mindre miktig tillitliknande 
bildning, en tunnare skiffer och en kalksten, som har en karaktiristisk 
rod farg. Harpa foljer en mycket maktig serie av skiffrar, mer eller 
mindre sandiga, som 6vergar 1 arkoser och sandstenar till en samman- 
lagd maktighet av ung. 2 km. Harmed avslutas Katanga-systemet, 
vilket som tidigare némnts dverlagras av Karroo. Katanga-systemets 
undre bildningar har en tydlig terrestrisk prigel, medan det betraffande 


Bd *79! H.- 2] KOPPARMINERALISERINGEN I NORRA RHODESIA 229 


— 


MINERAL OEPOSITS 
GRANITE AREAS 


KUNDELUNGU 


FO'O AXES 
LUFIRA PLATEAU 
PLAIN 


FAULTS 


LES 
fx Beans ae 


Cf? pen 


; it } > 

te 7, — 
: V4 iz Be Cai ge = oS 
7 ee ies 


--3 ~ 
NORTHERN RHOOESIA 


Fig. 1. Kopparbiltet i Katanga och N. Rhodesia, med veckaxlar, urbergsdomer, och 
mineralf6rekomster. (Efter Garlick, 1953). 


de uthalliga skiffer- och karbonathorisonterna inte ar klart, huruvida 
det ar fraga om bildningar i stérre kontinentala bicken eller om marina 
avlagringar. Sedimenten, som genomgaende dr val bevarade, sakna 
fossil, om man bortser fran strukturer, vilka tolkats som algbildningar 
i Mine-seriens dolomiter. Radioaktiva aldersbestémningar pa Shinko- 
lobwe-uraninit ha visat en alder av 630 milj. ar, vilket val narmast 
motsvarar eokambrium. Dessférinnan hade man ocksa varit inne pa 
tanken, att Katanga-serien skulle utgéra en yngre, kambrosilurisk 
bildning. 


Katanga-sedimentens tektonik 


‘Hela foljden av Katanga-sediment har varit utsatt for ett tangentiellt 
tryck fran S och harigenom lagts i starkt sammanklimda veck, som 
i mot norr konvexa bagar tringts upp mellan Kibara-horsten och Fort 
Roseberry-massivet. Vecken ar i Katanga, d. v. s. i bagarnas mittparti, 
helt foljdriktigt mer eller mindre éverstjalpta mot N, medan i Norra 
Rhodesia, i bagarnas ést-flanker, mottrycket fran Fort Roseberry- 
massivet givit upphov till en mera symmetrisk eller rentav mot SSV 
éverstjalpt byggnad. Ocksa i sjalva stilen finns det skillnader mellan 
tektoniken i 4 ena sidan Katanga-delen och a andra sidan den rhode- 
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siska delen av kopparbaltet. I Norra Rhodesia ar det fraga om helt 
plastiska, ofta nara isoklinala veck, medan stilen i Katanga ar mera 
spréd med brott och éverskjutningar. Dessa 6verskjutningar ar dock, 
si vitt man vet, inte av den storslagna karaktar, som vi forknippai 
med dverskjutningar av alpin eller kaledonisk typ, utan det ar smai 
skollor i en »schuppenbau», som in i minsta detalj kunnat féljas och 
utredas i samband med gruvdriften. Denna skillnad 1 tektonisk stil 
mellan Katanga- och Norra Rhodesia-delarna kan sjalvfallet forklaras 
pa flera olika sitt. En sidan forklaring ar att man ror sig i olika delar 
av Katangiderna. Kanske mera sannolikt ar att skillnaden beror pa 
att det nuvarande ytsnittet ar sadant, att man 1 Katanga blott traffar 
Mine-serien i antiklinalkammarna, medan den i Norra Rhodesia ay 
erosionen endast lamnats kvar i synklinalrotterna, d. v. s. 1 ett tekto- 
niskt och geologiskt djupare snitt. 


Katanga-sedimentens metamorfos 


Metamorfosen 1 kopparbaltet visar liknande variationstendens som 
den tektoniska stilen, mdjligen pa grund av samma faktorer. Salunda 
dr den i allmanhet lag omkring Katanga-malmerna och avseviart hégre 
vid de rhodesiska malmerna. Fran Fungurume (OosterBocnr 1951), 
som kan tas som ett typiskt exempel fran Katanga, uppges salunda 
endast muskovit (sericit) och klorit som metamorft bildade mineral. 
I Norra Rhodesia upptrader ocksa muskovit i form av sericit, men 1 
stillet for klorit ar biotit karaktéristiskt mineral. Vidare ha karbona- 
tiska sediment stillvis (Nkana) omvandlats till tremolitskarn. Pa andra 
hall uppges disten forekomma, och fran Roan Antelope beskrivs av 
BrRuMMER (1955) ett icke namngivet mineral, som med stérsta sanno- 
likhet representerar glimmeromvandlad cordierit. T. o. m. granat foére- 
kommer 1 faltet, dels i Kakontwe-kalkstenen och dels i den stora tilliten. 
I tilliten ar granatens lokalisering tydligt tryckberoende. I en stuff, 
som Dr Garick visade mig, hade granat bildats foretradesvis i tryck- 
skuggorna intill de ingaende bergartsfragmenten, men trots detta 
maste nog mineralet uppfattas som bildat i samband med avsevard 
temperaturforhdjning vid en regional metamorfos. 

Pegmatitliknande, meterstora kvartsgingar med faltspat, biotit, dolo- 
mit och anhydrit m. m., uppfattas numera av de flesta rhodesiska 
geologer som metamorfa bildningar av lateral-sekretorisk karaktir. 
Aven sma sulfididror och en rad av malmmineralens texturer och 
inbérdes relationer betraktas som betingande av metamorfosen. 

Turmalin forekommer fintérdelad i sediment i form av klastiska korn 
med farglésa, sannolikt autigena tillvaxter. I Roan Antelope-malmen 
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forekommer dessutom svart turmalin i form av solar och turmalinfels 
1 kvartsgangar (Davis 1954). Vidare finns dar en kvartsturmalingang 
med knytnavsstora kristaller av scheelit. Finfordelad scheelit finns 
ocksa intill denna, lagerformigt spridd ca. 100 m At sidorna. (Denna 
paragenes ar e] omnémnd i beskrivningarna av Roan Antelope, men 
omnamnes i diskussionsinlagg av Tooms, 1953 och JunNER, 1954). 
Aven dessa bildningar har man velat betrakta som metamorfa, under 
hanvisning till lateralsekretion och sedimentens primara turmalinhalt 
(GaRLICK), men enligt konventionell uppfattning och talrika analogier 
med valkanda férekomster avy samma typ fran t. ex. Cornwall och 
Skelleftefaltet kan man ratt tveklést anta, att dessa parageneser repre- 
sentera en materialtillforsel av s. k. hég-hydrothermal—pneumatoly- 
tisk typ. 

Méjligen ar ocksa den skapolit, som ar vitt spridd i porfyroblaster i 
Mufulira och kanske ocksa iakttagits i dagbrottet i Nchanga, ett resul- 
tat av klortillférsel, men den kan ocksa tolkas som framgangen ur 
saltavlagringar vid metamorfosen. 


Intrusiy i Katanga-sedimenten 


Intrusiven i Katanga-sedimenten férekomma i form avy lagergangar, 
som ofta félja en bestémd horisont och liksom sedimenten deltaga i 
veckningen. Dessutom férekomma enligt uppgift aven mindre, stock- 
formiga intrusiv. Det ar fraga om gabbrodiabas och dess differentia- 
tionsprodukter (underordnat aven granofyr), vilka patraffats 1 Upper 
Roan, Mwashya och i Kakontwe-kalkstenen. De prov av dessa berg- 
arter, som jag fatt se, har just varit gabbrodiabaser med grov och 
ofitisk struktur, men dessutom anges i litteraturen forekomst av 
gabbrodioriter, anortositer och andra typer. Férutom dessa relativt 
grovkorniga, mer eller mindre konkordanta kroppar finnas aéven genom- 
skirande finkornigare diabasgangar, t. ex. i Nkanagruvan. Betraffande 
aldern pa dessa intrusiv finnas flera olika forslag. Man har salunda 
velat sitta dem i samband med Karroo-basalterna 4 ena sidan och med 
intrusiv av typen The Great Dyke och Bushveld 4 den andra. I slip- 
prov, som visades mig av dr Vazs fran R. A. T.-horisonten under 
Mine-serien i Belgiska Kongo, fanus rester av starkt omvandlad och 
mylonitiserad men dnnu tydligt igenkinnbar gabbrodiabas med grovt 
ofitisk struktur, vilket laser dessa bergarters Alder till tiden fore skoll- 
tektonikens utbildning. De dro sélunda sannolikt tidigt syntektoniska, 
och en Karroo-dlder synes utesluten. A andra sidan ar det. mycket 
sannolikt att de genomskdrande finkorniga diabasgangar, som ovan 
namnts fran Nkanagruvan, kunna sta i samband med Karroo-basalterna. 
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Fragan huruvida aven granit intruderar i Katanga-serien har varitt 
livligt diskuterad. I beskrivningarna fran 30-talet omnadmnes ofta dem 
s. k. yngre graniten, som uppges omvandla samt aven intrudera Ka-. 
tanga-serien, inte minst i form av pegmatit och aplit. Detta uppgavs: 
skilja den fran en aldre granit, som utgdr sedimentens underlag och) 
foreligger i konglomeratbollar i Katanga-seriens botten. I en betydelse- 
full uppsats av Gariick och Brummer (1951) tas emellertid alla. 
nyckellokaler for denna yngre granit upp till fornyad diskussion, och | 
man kommer till resultatet, att ingen yngre granit finnes inom koppar-. 
baltet, att vad som tidigare tolkats som intrusiv i sjalva verket ar 
urbergsgrund — granitiska restberg av den dldre graniten, och att 
som tidigare nimnts pegmatitgangarna dro lateral-sekretoriska pro- 
dukter av metamorfosen. Detta synes vara allmant accepterat av 
rhodesiska geologer, medan geologerna i Katanga 4 andra sidan fort- 
farande havda, att granit intruderar i Katanga-sedimenten aven inom 
kopparbatet 1 vidstraéckt mening, detta under hanvisning till meta- 
morfosfenomen, metamorfosens zonering samt forhallandet att utanfor 
kopparbialtet alldeles sikert granit intruderar 1 Katanga-sedimenten. 
Fragan om existensen av en ynegre granit tillméts sarskilt av rhodesiska 
geologer stor teoretisk betydelse darfér att den just 1 30-talets publika- 
tioner angavs vara kallan for malmlosningarna. Utover vad som har 
anférts skall blott nimnas, att a ena sidan forekomsten av faltspat, 
aiven kalifaltspat, 1 de pegmatitlika kvartsgangarna atminstone visar, 
att faltspat varit mobiliserad, samt att ovannémnda .kvarts-turmalin- 
scheelit-gangar ocksa kan tolkas som ett tecken pa att en granitartad 
hard funnits i nérheten. 


Kopparmalmer 


Oversikt 


Kopparmalmerna i den nu skildrade malmprovinsen upptrada som 
tva skilda typer, dels rika och ofta kompakta sulfidmalmer kanne- 
tecknade av metallsallskapet koppar, zink och bly, typexempel Ki- 
pushi, och dels stora biddformiga impregnationsmalmer kinnetecknade 
av kombinationen koppar-kobolt. Den senare typen ar den mest be- 
tydelsefulla, saval vad giiller produktion som reserver. Den patraffas 
bade i Katanga och Rhodesia, fastin med nagot skilda karaktiirer, 


Lagerformiga kopparfoérekomster i Norra Rhodesia 


I Rhodesia har sulfidimpregnationen traffat sandstenar, skiffrar och 
dolomitiska skiffrar i Lower Roan. Har brytes i huvudsak pa de friska 
sulfiderna. De baiddformiga forekomsterna na en imponerande storlek. 
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Ofta ar deras lingd i strykningsriktningen flera km och bredden nagon 
km. En av de stérsta ar Roan Antelope, dar mineraliseringen i stryk- 
ningsriktningen kan féljas en stracka pa nagot mer an 9 en dar mak- 
tigheten dr ca. 10 m och bredden i vissa profiler ar omkring 5 km. 
Halterna ar i allmainhet mellan 3 och 7 % koppar och ung. halften 
sa mycket svavel. Av detta féljer att salons till sitt utseende ar helt 
oansenlig. I manga fall kan man inte ens se malmmineralen, t. ex. 
nar det ar fraga om kopparglans i en kvartsit eller en skiffer. 

De ee malmerna ligga med fa undantag pa nadra nog samma 
stratigrafiska niva i nagot olika horisonter. Denna niva dr bestiéimd 
darigenom att den ligger nagot ovan det s. k. Foot wall-konglomeratet. 
Den kopparforande bergarten vaxlar i sin karaktér fran gruva till 
gruva och i vissa forekomster aven mycket starkt i strykningsrikt- 
ningen. Den omfattar totalt ett facies-spektrum fran grova arkoser 
och faltspatssandstenar (Nchanga) 6ver valsorterade finkorniga kvart- 
siter (Mufulira) och finskiktade nagot dolomitiska skiffrar (Roan 
Antelope) till svarta koliga skiffrar och leriga dolomiter (Nkana- 
gruppen). I tektoniskt avseende fodljer mineraliseringen fullkomligt 
sedimentens strukturer bade i stora veck och 1 sma mikroskopiska 
detaljer och upptrader 1 detta avseende som om det vore en ursprunglig 
bestandsdel av horisonten. Detta har ocksa lett till den allméant accep- 
 terade slutsatsen, att mineraliseringen maste vara dldre iin deformatio- 
nen eller méjligen kan ha kommit pa plats under sjaélva deformationen. 

Mineralogiskt kainnetecknas mineraliseringen av svavelkis, kopparkis, 
bornit, kopparglans, carrolit och linneit. Proportionen kobolt—koppar 
vaxlar men kan na ungefair 1:10. Mineralen inga i den malmférande 
horisontens bergarter som inspringda korn, har och var ocksa som 
sma adror, och uppvisa en rad invecklade relationer och texturer. 
Ofta visa de olika mineralen till sin férdelning och sina proportioner 
en regelbunden zonering, som dr av stérsta genetiskt intresse, se f6l- 
jande beskrivning av Roan Antelope. Roan Antelope-forekomsten ar 
den hittills bist beskrivna och mest i detalj kénda av alla nu némnda 
forekomster. 


Roan Antelope! 


Katanga-sedimenten ligga har i en synklinal, som dr spetsigt hop- 
klamd mot 6ster. I dess vastra del finna vi gabbro, medan malm- 
horisonten kan féljas runt synklinalens éstra spets och i synklinalens 
mitt har uppborrats pa ett djup av 2 000 m. Synklinalens sédra skankel 
stupar brant mot norr, medan den norra skankeln ar svagt dverstjalpt 
mot sdder. Ung. 5 km fran synklinalens éstra spets ar den mycket 


1 Se Davis, 1954, och Brummer, 1955. 
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starkt sammanklimd, och har har malmhorisonten lagts 1 ytterst! 
haftiga dragfolds. Sadana slapveck i stérre och mindre skala ut- 
mirka hela malmhorisonten. Denna utgéres av en hornfelsartad 
biotitskiffer, som vilar 6ver Foot wall-konglomeratet och ar fint! 
skiktad. Mineraliseringens fordelning inom horisonten ar anméark- 
ningsviért regelbunden men visar en rad intressanta variationer bade 
i horisontell och vertikal led. Harvid ar svavelhalten relativt konstant: 
medan proportionen koppar—jairn visar en systematisk variation. 
I strykningsriktningen fran vaster till 6ster avtar jarnsulfidpropor- 
tionen regelbundet och i. vertikal led inom skiktet dkar koppar- 
andelen fran liggandet till hangandet. I hangandet finns en mycket 
markerad haltgrans mot en skiffer, som skiljer sig fran malmhorisonten 
endast genom att den ar massiv eller foga skiktad. Mot liggandet avtar 
kopparhalten kontinuerligt och utan skarp grans. Liggandet utgores 
ocksa av~skiffer, som vad det gialler skiktning star mellan malm- 
horisonten och hangandet. 

BRUMMER (op. cit.) har unders6kt om variationerna 1 mineralise- 
ringen fran liggandet till hangandet kan sattas 1 samband med den 
petrografiska utbildningen av malmhorisonten. For detta andamal 
visar han grafiskt variationen av halterna av koppar, jarnsulfid, svavel, 
kiselsyra, aluminiumoxid, kalk och magnesia samt antal skiktenheter 
per fot. Han finner dirvid, att kopparhalten och antalet skikt star 1 ett 
sympatetiskt forhallande sa, att de icke brytvarda liggande skiffrarna 
ir daligt skiktade. Nir man nirmar sig den brytvarda malmen och 
kopparhalten kontinuerligt stiger, stiger ocksa antalet skikt per liangd- 
enhet. Malmskiffern innehaller huvudsakligen bornit och kopparglans. 
Den ar mycket val skiktad. Malmens skarpa griins mot haingvaggen 
markeras ocksa av en motsvarande skarp nedgang i antalet skikt per 
langdenhet. Nedgangen i kopparhalterna fran 6ver 3 °% till under 
0.2 % ager rum pa mindre dn 1 fot. Vidare har BRUMMER pavisat, att 
svavelhalten varierar foga fran liggvaggen till begriinsningen av hang- 
vaggen. Hartill kan fogas, att det finns ett klart omvant forhallande 
mellan kopparhalt och jarnsulfidhalt och likasé en markerad parallell- 
variation i magnesiahalt och jarnsulfidhalt. Dessa BRuMMEzs resultat 
ar av allra stérsta vikt for tolkningen av detta slags fyndigheters 
genesis. 

Nkanagruppen 


Nkanagruppens malmer, Mindola, Nkana och South orebody, skilja 
sig i flera avseenden fran den vid Roan Antelope. De Aterfinnas endast 
i den sédra skiénkeln av en liknande synklinal som den vid Roan 
Antelope, och den malmférande horisonten visar kraftiga petrogra- 
fiska variationer i strykningsriktningen. Medan den i NV i Mindola- 
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Fig. 2. Schematisk profil genom Nchanga-synklinalen med dess malmer. (Efter H. E. 
Nelems 1955, ur Optima.) 1: 25 000. 


gruvan kan uppdelas i fyra pa varandra foéljande petrografiskt olika 
horisonter av skiffrar resp. dolomiter, andrar den i Nkanagruvan 
karaktér och utgdres dir delvis av en svart skiffer utan att koppar- 
halterna darfér underga storre foréndringar. Ett intressant drag har 
ar ocksa, att malmhorisonten visar ett avbrott, det s. k. Kitwe gap. 

I Nkanagruppens malmer finner man dessutom en zonering i sulfid- 
mineralens fordelning, men denna dr inte lika enkel och renlinjig som 


den vid Roan Antelope. 


Nchanga + 


Nchangaforekomsten visar vissa fran Nkanagruppens malmer av- 
vikande drag. Katanga-sedimenten ligga hair mera 6ppet i en assy- 
metrisk synklinal med vertikal nordflank och flackt stupande syd- 
skankel, och lagerféljden skiljer sig fran 6vriga forekomster genom att 
Foot wall-konglomeratet inte ar utbildat; det finnes dir endast som en 
erov arkos. Malmerna ligga huvudsakligen pa den flacka sydskénkeln. 
Det dr fraga om tva skilda malmlager, »Nchanga ore body» och »Nchanga 
west ore body», av vilka West ore body ar den undre och ligger i arko- 
sen, medan Nchanga ore body ligger i faltspatforande sandsten. Mellan 
malmlagren finnas ung. 50 m sediment, som ar omineraliserade. Bada 
malmkropparna ligga har i bergarter (sandsten, arkos och valsorterad 
kvartsit), som kannetecknas av god permeabilitet, medan deras hangande 
i bada fallen utgéres av en tat, ofta bandad, skiffer. Av speciellt intresse 


1, C. A. Jackson, 1932, Mc Kiynon, 1953, och NELEMs, 1955. 
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ar att en av allt att déma primar sulfidmineralisering, som fér bade: 
kopparkis och bornit, pa sina stillen striécker sig anda till 30 m ner i: 
Katanga-seriens underlag och da ocksa har tréffat granit och aplit.. 
Sandstensmalmen paminner for évrigt i stuff och borrkarnor om bly- 
malmen i Laisvall, med sulfiderna huvudsakligen samlade till por- 
utrymmet mellan sandkornen och i mindre omfattning ocksa korro- 
derande dessa. 


Bancroft 


Bancroft var vid mitt besdk den senast till bearbetning upptagna 
forekomsten, och dar pagick samtidigt utbyggnad av anrikningsverk, 
uppborrning av férekomsten och ortdrivning fran schaktet fram till 
malmen, som man da (okt. 1955) annu inte natt fram till. Forekomsten 
var alltsA 4nnu bara kind i borrkaérnor, men tydligen bestod den ay 
tva lagerformade stora malmer liggande i en och samma horisont och 
skilda at av ett omineraliserat »gap», kring vilket mineraliseringen 
visade en i viss man symmetrisk zonering kinnetecknad av ordnings- 
foljden Fe, Co, Cu. 


Mufulira ! 


Mufulira-forekomsten besdktes ej. Av den publicerade beskrivningen 
framgar, att den uppbyggs av tre 6ver varandra liggande, valsorterade 
kvartsithorisonter, som aro kopparforande. Den undre mineraliserade 
kvartsiten begrénsas uppat av en ca. 30 cm miktig skifferhorisont, 
som ocksa begrénsar mineraliseringen. Den mellersta malmhorisonten 
stoppas uppat av en uthallig dolomit, vilken jamte en tat kvartsit 
skiljjer horisonten fran den 6vre malmkvartsiten. Denna i sin tur 6ver- 
lagras av en tit, lerig kvartsit. Anmirkningsvart ar att den tunna 
skifferhorisonten mellan den undre och den mellersta malmhorisonten 
kilar ut mot V och att de bada malmerna forenas till en enda dar skiffern 
forsvinner. Dessa forhallanden paminna om dem, som ndmnts fran 
Nchanga. 

I stuff bar bergarterna fran Mufulira pragel av hégre metamorfos 
an évriga fyndigheter. Vidare ligger man miirke till den spridda fére- 
komsten av porfyroblastlika skapolitindivider. 


Chibuluma 


Chibuluma, slutligen, ar en forekomst av samma typ som de fére- 
gaende, men av avgjort mindre storlek. Den har dock hégre medelhalt, 
kanske 6—8 % Cu, och en betydande koboltmineralisering. 


1.Gray, 1932. 
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Fig. 3. Profiler genom Kambove-malmen. 1. Tektonisk breccia; 2. Skiffrar, R. A. T.; 

3. Finskiktad sandsten, R.S.F.; 4. Férkislad bergart med stromatoliter, R.S. C.; 

5. Dolomitiska skiffrar 8. D.; 6. Kalksten C.M.N.; 7. Ovre dolomit D.S. Efter H. 
Schuiling (1947) ur L. Cahen (1954). 


Gangartade mineraliseringar 


I Norra Rhodesia finns, férutom de dvervaldigande lagerformade 
kopparmalmerna, ocksa sadana, som nirma sig gangtypen och den 
diskordanta linstypen. Hit hora férekomsterna Sable Antelope och 
Kansanshi. Eftersom Kipushi i Katanga utgér det bast kinda typ- 
exemplet for denna grupp, far det har racka med enbart omnaimnan- 
det av de nord-rhodesiska férekomsterna, vilka f. 6. ej] besdkts och 
vilka sakna publicerade specialbeskrivningar. 

For att komplettera bilden ay kopparmineraliseringen skall ocksa 
tva andra gangartade parageneser anforas, ndmligen kvarts-turmalin 
-scheelit-mineraliseringen i Roan Antelope, som redan némnts, samt 
uraninitforekomsten vid Nkana. 

Den senare upptrader, savitt jag kunde se pa stuffmaterial, 1 sma 
kvartsadror, méjligen inom en krosszon. Till paragenesen hdr, forutom 
de vanliga kopparsulfideena, ocksa melonit. Bildningstemperaturen 
torde ha legat dver 475° C (Davipson 1954). Sidostenen syntes i viss 
utstrickning vara férkvartsad. »Disseminated» uranmineralisering upp- 
ges férekomma i de lagerformade kopparmalmerna. 
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Fig. 4. Foto av dagbrottet i Kambove. Férf. foto. 


Katanga 


I CaHENS stora monografi »Géologie du Congo Belge» (1954) laémnas 
en samlad modern och auktoritativ framstallning dver Katangas 
geologi och malmer, varfor detta avsnitt kan hallas ganska kort, 
och endast nagra huvudpunkter behdver beréras. 

Enligt Union Miniere du Haut Katanga var produktionen ar 1954 
223 500 ton koppar och 8 600 ton kobolt. Den totala kopparproduk- 
tionen sedan féretagets bildning éverskrider 4 500 000 ton. 

Till skillnad fran forhallandena 1 Norra Rhodesia harrér en stor del 
av Katangas produktion fran malmernas oxiderade och avsevart 
anrikade delar, men man har ocksa flerstédes natt ned till den primara 
sulfidiska mineraliseringen. Denna 6verensstiimmer i alla vasentliga 
drag betraéffande upptridande, form, storlek, halter och paragenes 
med de lagerformade forekomsterna 1 Norra Rhodesia. De vasentliga 
avvikelserna galla den stratigrafiska stillningen samt sidostenens karak- 
tiir och tektonik. 

Flertalet kopparférekomster i Katanga visa en férbluffande enhetlig- 
het 1 fraga om det stratigrafiska liget och sidostenens karaktirer. 
Sa kan man t. ex. kanna igen bergartshorisonterna fran de dstligaste 
forekomsterna, t. ex. Etoile du Congo i de viastligaste, t. ex. Musonoi, 
vilka ligga ung. 250 km fran varandra i strykningsriktningen! 


Bd 79. H. 2] KOPPARMINERALISERINGEN I NORRA RHODESIA 239 


600m 


Fig. 5. Schematisk profil genom Ruwe-foérekomsten, som visar hur Mine-serien har 
skjutits 6ver Kundelungu. Efter E. Polinard ur L. Cahen (1954). 


Dessa horisonter anses motsvara 6vre Roan och uppbyggas vasent- 
ligen av dolomitiska bergarter. Den kritiska zonen har indelats i en 
foljd av enheter, som vanligen betecknas endast med sina resp. »initia- 
ler» (nedifran och upp): 

R. A. T. och D.1., roches argilo-talqueuses och dolomies inferieures, 
ett komplex av finkorniga bergarter, som bjuder svarigheter vid karak- 
tiriseringen och synes innesluta savaél dolomitiskt som sandstens- och 
skifferartat material (ej talkigt). 

R.S.F. Roches siliceuses feulletées, en bandad silificerad dolomit- 
horisont. 

R.§S.C. Roches siliceuses cellulaires, en obandad, ofta silificerad 
dolomithorisont, i dagen ofta halig och blockig. Over denna horisont 
félja dolomitiska skiffrar och dolomitiska kalkstenar av betydande 
miaktighet. 

Vanligen ar det horisonterna omkring R.8.C., som ar koppar- 
forande, medan denna horisont trots detta i regel dr omineraliserad. 
I Ruwe-forekomsten ar aven R.A. T. i viss utstrickning koppar- 
forande, vilket normalt ej ar fallet och darfor fortjinar att noteras. 

I tektoniskt avseende kinnetecknas kopparmalmzonen 1 Katanga 
av en mycket livlig stil, som avviker fran den i norra Rhodesia genom 
att flerstides regelratta skollrérelser utlésts. Det klassiska exemplet 
ar Kambove, dar man fér forsta gangen entydigt visade, att sjalva 
forekomsten lag i en fran sitt underlag helt léssliten skolla (ScHUILING 
1929). Dessa skollor ar i dster av relativt blygsam skala, medan man for 
den vastra delen av faltet antar existensen av betydligt stérre enheter 
och raknar med rorelsebelopp pa upp till 25 km. 

Rérelsen har utlésts strax under de kopparférande horisonterna, 
vilket gor att deras stratigrafiska begransning och relationer nedat 
fortfarande ar oklara i detalj. Som helt personliga intryck betraffande 
dessa problem kan jag ndmna, att slipprov av R. A. T., som jag fatt 
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Fig. 6. Malakit, Ruwe. Forf. foto. 


se, hade en klart mylonitisk pragel, vilket skulle tala for att en del 
av rorelsen utlésts inom denna horisont. I Musonoi, 1 vastra delen ay 
Katanga, dir man antar att bade skollor och transportlingder na 
avsevard storlek, forligges emellertid 6verskjutningsplanet atskilligt 
under denna horisont, till en bergart av nérmast konglomeratisk natur, 
vars bollar ofta ha en diameter upp till tio cm. Horisonten dr i flera 
avseenden inte ar olik Foot wall-konglomeratet 1 Lower Roan. 

Sjalvfallet instéller sig fragan om eventuella samband mellar malm- 
forekomst och tektonik. Hiartill kan bara sigas, att de priméra koppar- 
mineralens horisontbestindighet trots alla tektoniska stdérningar 1 
Katanga liksom i norra Rhodesia talar for att de intagit sin plats 
atminstone fore den tektoniska kulminationen, medan a andra sidan 
det pa flera stallen forekommer gangformiga mineraliseringar, som tyd- 
hgt skéra igenom vecknings- och d6verskjutningsstrukturer, t. ex. 
koppar- och uranforande gangar i Kambove. 

De diskordanta mineralférekomsterna spela i Katanga en langt mera 
betydande roll an i Norra Rhodesia. Viktigast i denna grupp ar koppar- 
zink-bly-malmen i Kipushi och uranforekomsten Shinkolobwe. 

Kipushi kan i korthet karaktiiriseras som en i huvudsak kompakt 
sulfidkropp fortrangande Kakontwe-kalkstenen (Kundelungu) och kalk. 
skiffrar. Till formen ar den 1 horisontalplanet otydligt linsformad 
med en stérsta lingd av ca. 600 m och en stérsta bredd av ca. 60 m 
Schakten ga till ett djup av 1 640 fot, och den djupaste brytningsnivar 
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torde vara 1600 fot. Om malmens vidare uthallighet mot djupet 
saknar jag uppgifter. 

Tektoniskt synes malmen sta i samband med en brant éverskjut- 
ningszon omkring axialplanet i en mot NV dverstjalpt antiklinal. 
Sulfidmalmen domineras av kopparkis, bornit och zinkblinde. Aven 
blyglans och svavelkis finnas rikligt. Till struktur och textur paminner 
den starkt om malmerna i Skelleftefiltct, fastiin kornstorleken ar nagot 
grévre och vara malmers svavelkis maste tankas utbytt mot koppar- 
mineralen. Férutom kompaktmalmen finnas ocksi betydande kvanti- 
teter impregnationsmalm i form av sma kopparkisférande adror i 
kalkskiffer. 

Malmen uppvisar en ovanligt omfattande elementuppsattning. Ut- 
éver de for denna malmtyp vanliga markas ekonomiskt utnyttjbara 
halter av vanadin, kadmium och germanium. I detta avseende, liksom 
i manga andra, paminner Kipushiforekomsten starkt om Tsumeb 1 
Sydvastafrika. Uppskattningsvis haller Kipushimalmen ca. 30 % Cu 
och ar av storleksordningen 12 miljoner ton 

Shinkolobweférekomsten star under militér bevakning och 4r i 
allmanhet inte tillganglig for besdkande. Foljande uppgifter har him- 
tats ur ovannimnda framstéllning av CaHEN. (En utomordentlig 
utstallning av mineral och stuffer fran Shinkolobwe fanns att bese 1 
Jadotville.) Forekomsten ar gangartad och kan uppdelas 1 fyra para- 
genetiska enheter: 

1) Kvarts, monazit, turmalin, apatit, klorit och talk. 
2) Pechblande. 
3) Jarn-, nickel-, kobolt-, koppar- och molybdensulfider. 
4) Karbonat. 
Aven guld och platinametaller utvinnas. 

Sidostenen dr impregnationsartat mineraliserad omkring den gang- 
artade forekomsten. Om férekomstens storlek limnas inga uppgifter, 
men i utstdallningen finns ett block av enhetligt, kompakt pechblande, 
som maste vaga flera ton. Som bekant forekommer ett otal omvand- 
lings- och oxidationsmineral i denna enastaende malm. 

Ett flertal andra forekomster av liknande slag, men sannolikt av 
mindre betydelse, finnas. En uranférande forkastningsgang, som tidi- 
gare t. o. m. varit féremal for brytning, genomsitter den lagerformiga 
kopparmalmen i Kambove. 


Genetiska synpunkter 
De genetiska synpunkterna pa mineralférekomsterna inom denna 
malmprovins har vaxlat starkt under deras korta historia, vilket i 
synnerhet giiller de lagerartade kopparférekomsterna. Utvecklingen kan 
i korthet skisseras pa foljande satt. 
 :16--573060. G. F. F. 1957. — 
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I ett mycket tidigt skede ansags de pa grund av sin form, stora ut- 
hallighet i skiktplanet och jémna mineralisering vara syngenetiska. 

I samband med att fyndigheterna bérjade brytas och darvid under- 
kastades mera detaljerad geologisk och petrografisk-malmmikroskopisk 
undersékning, accepterades ganska allmént en epigenetisk tolkning 
av deras uppkomst, vilket bl]. a. manifesterades 1 ett antal monografier 
éver de nordrhodesiska forekomsterna omkring 1930. Huvudargumen- 
ten, som framférdes, var forekomsten ay adror av kopparmineral och 
kopparférande pegmatitartade gangar 1 Roan-sedimenten, samt textu- 
rella drag sdsom fértrangning av sedimentens silikat av sulfider och 
avblandningsstrukturez i sulfiderna, vilka tydde pa relativt hog bild- 
ningstemperatur. Man antog vid denna tid ratt allmant, att de koppar- 
forande lésningarna kunde hiarledas fran en i hela faltet forekomimande 
»yngre» granit, och just pegmatitgangarna ansags som goda bevis fér 
denna uppfattning. 

Flera av gruvorna i fraga demonstrerades vid den internationella 
geologkongressen 1929. H. ScHNEIDERHOHN deltog i denna, och de 
intryck han darvid fick ledde honom att mot den gingse epigenetiska 
uppfattningen ater framfora en syngenetisk, vilket skedde 1932. Darvid 
bestred han existensen av en yngre granit, uppfattade pegmatitgangarna 
som lateralsekretoriska bildningar i stil med de alpina mineralgangarna 
och omtolkade de mikroskopiska texturerna till att ha uppstatt under 
ett metamorft skede med forhéjd temperatur, langt efter den syngene- 
tiska anlaggningen av férekomsterna. Vidare patalar han, att mal- 
meruas elementkombination av huvudsakligen koppar och kobolt inte 
liknar andra epigenetiska, hydrotermala parageneser. Som argument 
for en syngenetisk uppkomst anfor han ater malmernas lagerform, 
med sirskild betoning av deras nivabesténdighet. Sarskild vikt faster 
han vid sedimentens arida, kontinentala karaktiarer (i malmernas 
liggande), sa att malmerna slutligen klassificeras som hérande till de 
»sedimentaren Konzentrationslagerstaitten in terrestrischen ariden 
Schuttgesteinen». Vid koncentrationsprocesserna antas grundvattnet 
ha spelat en avgérande roll, varigenom denna uppfattning i viss man 
kan ségas nérma sig den hydrotermalt epigenetiska. Samma uppfatt- 
ning foretrader han i ett nyligen utkommet arbete (1956). 

Schneiderhéhns uppfattning vann inte anklang i Norra Rhodesia, 
kanske framst pa grund av otillférlitligheten i hans sakliga framstallning. 
(Pegmatitgangarna uppger han vara fingerlanga och ha en randzon 
med kristaller av kvarts, adular och kalkspat samt karnor av koppar- 
sulfider, fastiin deras verkliga, dimensioner normalt kan miatas i dm 
och enstaka gangar na langder av nagot hundratal m!. Kristaller av 
alpin typ dro ytterligt sallsynta och faltspaten ar mikroklin, ortoklas 
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eller anorthoklas men aldrig adular. Mineraliseringen i Nchanga och 
Mutulira ar inte »véllig Niveaubestandigy. Bergarterna éver Foot wall- 
konglomeratet, i vilka malmen dr lokaliserad — med undantag for 
Nchanga—- ar tydligt akvatiska.) 

Inte heller i Katanga anammades Schneiderhéhns uppfattning. I ett 
mycket ingaende arbete om dess kopparmalmer intar Gysry (1936) 
en klart epigenetisk standpunkt. Emellertid har under de senaste dren 
en markerad omsvangning agt rum betraffande uppfattningen av de 
malmgenetiska problemen bland de rhodesiska geologerna, sd att ater 
syngenetiska synpunkter blivit dominerande. En sammanfattning av 
dessa har framlagts av GarLick (1953), vilken synbarligen spelat den 
stérsta rollen vid omvdarderingen. 

Denna omvardering har vackt en omfattande diskussion, nagot som 
namndes redan i bérjan av denna framstallning. Under diskussionen 
har manga argument framlagts for och emot de bada uppfattningarna. 
Har kan bara huvuddragen anges. 

Huvudargumenten for ett frangaende av det epigenetiska synsdttet 
beréra tre punkter. 

1) Ingenstaédes inom det rhodesiska kopparbialtet har granit kunnat 
visas vara yngre én Roan-sedimenten, s. k. intrusiva kontakter dr 
horisontfértunningar och bortfall 6ver granitrestberg i underlagets 
peneplan, och pegmatitgangarna i Roan-sedimenten uppfattas som 
metamorfa, lateralsekretoriska gangar (GARLICK och BrumMMER 1951). 

Harmed bortfaller kiallan fér de malmbringande lésningarna, som 
allmant ingick i den epigenetiska hypotesen. Denna invéndning var 
ju ocksa av grundlaggande betydelse for Schneiderhéhn. 

2) Mineraliseringens stratigrafiska utstrickning i skiktplanet och 
dess begransning i vinkelratt diremot, samt dess synbarliga oberoende 
av tektoniken. Detta har alltsedan den férsta kunskapen om dessa 
malmer varit den viktigaste faktorn fér en syngenetisk hypotes. 

3) Malmkropparnas zonering bade i skiktriktningen och vinkelratt 
diremot har hittills inte férklarats fran epigenetiska utgangspunkter 
men visar ett intimt samband med sedimentets faciesutveckling, d. v. s. 
syngenetiska faktorer. Detta samband har dnnu bara blivit ingiende 
pavisat och analyserat for Roan Antelope-forekomsten i det cvan 
refererade arbetet av Brummer. Det utgir kanske det for narvarande 
viktigaste stddet fér den syngenetiska hypotesen och har legat till 
grund for dess nuvarande utformning. Denna innebar att sedimentirt 
material, bade klastiskt och i lésning, svimmat in i det akvatiska 
backen, som bildade sedimentationsrummet fér Roangruppen over 
Foot wall-konglomeratet. I kontakt med sulfiderade zoner (sapropel 
o. a.) utfalles metallerna i en ordningsféljd motsvarande deras sulfiders 
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svarléslighet, d. v. s. koppar férst och jirn langre ut fran strandlinjen. 
Under transgression évergick koppar-sedimentationen mot héugande 
i en jarnutfillning, och vid regression upphorde sulfideringen. 

Fran epigenetiskt hall ha féljande invindningar framforts: 

1) Metamorfosens natur liksom forekomsten av svart turmalinfels 
scheelitforande kvartsturmalingangar, uraninitforande gangar med hég 
temperaturbetonade kopparparageneser (melonit) och pegmatitliknande 
gangar tala for att en yngre granit finns i grannskapet. 

2) Malmernas stratigrafiska bundenhet giller inte strangt, t. ex. vic 
Nehanga och Mufulira, och kan i 6vrigt forklaras med att lésningarné 
rort sig efter skiktplan och skiktfogar, mdjligen i ett tidigt tektonisk 
skede. 

3) Kopparmalmer fr i regel epigenctiska, och visa som sadana ofté 
mineralférdelningar, som man pa nuvarande stadium inte kan forklara 

Vidare papekas den teoretiska betydelsen av att bilden av de lager 
formade férekomsterna maste kompletteras med de ovedersigligt epi 
genetiskt upptridande malmerna Kipushi, Kansanshi och Shinkolobwe 
inom malmprovinsen. Ett speciellt indictum anses vara, att uranini 
fran den senare forekomsten har visat ungefar samma alder (600 mil 
joner ar) som uraninit fran Nkana. 

Alla dessa fenomen férklaras emellertid fran syngenetiskt hall son 
resultat av metamorfa omflyttningar. 

Inte heller ett forsdk att losa fragan genom undersékning av sulfi 
dernas svavelisotopi (BATEMAN 1956) har kunnat bringa klarhet. Mar 
kan saledes konstatera, att det hela blivit en tolkningsfraga, dar upp 
fattning star mot uppfattning. Till bilden hdr, att medan de flest 
aktiva geolegerna i Norra Rhodesia som némnts numera tillampa et 
syngenetiskt betraktelsesatt, sa ar de flesta geologer i Katanga éver 
tygade om ett epigenetiskt bildningssitt for de lagerformade mal 
merna dar, 

Kanske kan det till slut vara pa sin plats att betraffande dess: 
fragor, ddr expertis star mot expertis, ocksé redovisa nagra egna in 
tryck. Det ar isa fall inte mer dn raétt att borja med den bekannelsen 
att jag anlande till Katanga med en ganska klar uppfattning om at 
de lagerformade malmerna skulle vara syngenetiska. Jag hade lis 
Garlicks framstillning, utredningen om graniternas alder i det rhode 
siska kopparbiiltet och Davis’ beskrivning av Roan Antelope-forekomste! 
med dess syngenetiska tolkning. Vidare hade jag aret innan sett koppar 
forekomsten 1 Thimna, Israel, som mycket val kan vara en representan 
for Schneiderhéhns »Typus der sedimentiiren Konzentrationslager 
statten». Det stod ganska snart klart for mig, att denna senare tolknin 
inte kunde galla for malmerna i Katanga, med sidostenens tydlig 
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akvatiska prigel. Dessa var verkligen sa stratigrafiskt uppbyggda och 
anlagda, att en syngenetisk tolkning syntes ligga narmast till hands. 
Existensen av sa tydligt anknutna epigenetiska malmer som Kipushi 
och Shinkolobwe talade emellertid samtidigt starkt for en epigenetisk 
tolkning. ; 

Métet med forekomsterna i Norra Rhodesia innebar slutligen for 
mig ett definitivt stillningstagande fér en epigenetisk tolkning. Den 
darvid avgérande tankegangen kan kanske klarast, om ocksa nagot 
schematiskt, anges pa féljande sitt. 

De flesta argument, som framforts till stéd for den ena eller andra 
av de bada ovan redovisade uppfattningarna, har ocksé kunnat tolkas 
i 6verensstémmelse med den motsatta. Den enda verkligt barkraftiga 
argumenteringen for en syngenetisk tolkning av férekomsterna dr, att 
man i vissa av dem, sirskilt Roan Antelope, funnit att metallférdel- 
ningen visat sig vara kovariant med faciesbetingade karaktirer i 
sedimenten. Ett sadant kinsligt faciesberoende dr ju verkligen vad 
man skulle vinta sig vid en syngenetisk utfallning av metallsulfider 
i ett sedimentationsbicken. 

Som emellertid uttryckligen framhallits vid beskrivningen av de 
lagerformade kopparforekomsterna i Norra Rhodesia, ar ett av de 
mest idgonfallande dragen hos de ifragavarande bergarterna det, att 
_de omspanna ett enormt facies-spektrum (jfr GUERNSEY 1954). I sjalva 
verket ar alla de tre andleden 1 Perruonns (1949) sedimenttriangel 
representerade; grova arkoser och sandstenar i Nchanga, fina svarta 
skiffrar i delar ay Nkana, och relativt utpriglade karbonatstenar, 
dolomiter, i andra delar av Nkana och dessutom i hela Katanga. 
Denna enorma variation tyder avgjort pa att en sulfiderande sedi- 
mentationsmiljé inte varit avgérande for metallernas fixering. Det ar 
ocksa svart att anta, att en sadan 6verhuvud forelegat vid avlagringen 
av t. ex. Nchangas arkoser och sandstenar eller Katanga-forekomster- 
nas dolomiter. 

Om man alltsa pa dessa grunder finner det svart att acceptera den 
syngenetiska hypotesen i dess nuvarande utformning, maste man ocksa 
ta stallning till »syngenetikernas» argument i 6vrigt. Utéver det som 
tidigare refererats av epigenetiska synpunkter kan féljande anforas. 

Rorande kallan for malmlésningarna kan da framhallas, att aven om 
de i och fér sig starka skal, som fran epigenetiskt hall framforts for 
existensen av en yngre granitisk hiérd ges en metamorfistisx tolkning, 
har metamorfosen med sin mobilisering av kvarts, filtspat, turmalin 
och scheelit varit kinnetecknad av sa markerade materialtransporter, 
att den mycket val kan tankas ha givit upphov till epigenetiska malmer. 
Overhuvud synes den till sin karaktar starkt nérma sig vad man annars 
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uppfattar som granitisering. I sjilva verket tydde atskilliga drag, som 
observerades i Nkana (t. ex. granitbollar i bottenkonglomeratet mec 
friska faltspater i randzonen och blekta faltspater 1 kdrnan) pa, att 
kanske hela problemet om dldre och yngre granit i kopparbaltet later 
sig upplésas som ett fall av »mantled granite domes» enligt EskoLa: 

En annan tankbar kalla dr grénstenarna. De upptrada i stor ut- 
strackning konkordant i sedimenten och ha deformerats med dessa. 
vilket innebar att de sta i en relation till tektoniken som motsvaran 
mineraliseringen. I kopparbaltet har vid geokemisk malmletning koppar- 
och koboltanomalier patraffats i jordtacket 6ver hithérande gabbro. 
Saval Bushveld-komplexet som The Great Dyke atfoljas av viss koppar- 
mineralisering. Kombinationen koppar—kobolt skulle vid ett genetiskt 
samband med grénstenarna te sig mycket naturlig. 

Malmernas lagerform och stratigrafiska begrinsning kan fran svenskt 
hall ges speciell belysning genom analogier med Laisvall-férekomsten 
(beskriven av Gripe 1954). Denna blyforekomst, vars drag inte besléjats 
av en éverpraiglad metamorfos, paminner pa flera sitt om kopparmal- 
merna i det centralafrikanska kopparbiltet. Det ar en lagerformad 
impregnationsmalm som dessa, den ar stratigrafiskt bunden i samma 
grad som de, men den kan anda, framst av paragenetiska, tektoniska 
och sediment-petrografiska skal, med allra stérsta sannolikhet visas 
vara epigenetiskt bildad. Av intresse ar ocksa, att de likartade fore- 
komsterna Maubach och Mechernich i Tyskland, vilkas genes linge 
varit omstridd, numera inte langre betraktas som syngenetiskt bildande, 
och att atminstone Mechernich till sina dimensioner fullt ut kan mata 
sig med de stérsta nordrhodesiska férekomsterna. Den ar 9 km lang. 
1 km bred och anses omfatta ca. 300 miljoner ton malm (PuUFFE 1953). 

Speciellt genom N. Markiunpbs ytterst omfattande paragenetiska 
och sedimentpetrografiska undersdkningar av Laisvall veta vi ocksa, 
att denna forekomst visar en paragenetisk zonering och ett beroende 
av sedimentens facies, som till graden om ocksa inte arten, fullt ut 
svarar mot vad som beskrivits fran Roan Antelope. En sidan kovarians 
kan salunda inte direkt tas som ett genetiskt kriterium. 

Kn moéjlig mekanism pa epigenetisk bas for utbildningen av metall- 
zoneringen vid Roan Antelope och dess beroende av sedimentens facies 
kan t. ex. tankas ha verkat efter foljande linjer: En av de viktigaste 
faktorerna, som reglera utfillning av sulfider ur vattenlésningar, ar pH. 
I det speciella fallet Roan Antelope intresserar framfér allt, att ett 
hégre pH gynnar utfallning av jérnsulfid medan ett lagre gynnar ut- 
fallning av koppar. pH i malmlésningarna kan variera bl. a. pa grund 
av omsattningar med sidostenen. Den kanske mest betydelsefulla 
komponenten dr dirvid sidostenens karbonathalt. Karbonatet i malm- 
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horisonten vid Roan Antelope ar huvudsakligen dolomit. Av BRUMMERS 
diagram éver kemiska variationer i malmhorisonten fran liggandet till 
hangandet framgar tydligt, att proportionen jarnsulfid/koppar, d. v. s. 
malmens vertikala (i stratigrafisk mening) zonering, ar direkt kovariant 
med malmhorisontens magnesiahalt. 

Forekomstens zonering i strykningsriktningen varierar pa liknande 
sétt med en stigande halt av jarnsulfid mot vaster. Aven i denna 
riktning uttryckes malmhorisontens faciesberoende bl. a. av en mot 
vaster stigande karbonathalt, (Davis 1954, s. 603). Detta maste dock 
kompletteras med iakttagelsen att metamorfosens intensitet ocksa stiger 
i denna riktning, och att man at detta hall naérmar sig en miktig gabbro. 


Dessa Overliggningar ma gilla for vad de kunna; kanske dro de 
framst uttryck for den stimulans, som resan i det centralafrikanska 
kopparbaltet gav med alla sina intryck. Ett av de mest fascinerande 
dragen, bade vid geologiska diskussioner dar ute och vid den senare 
genomgangen av litteraturen i Boliden, var just denna patagliga pend- 
ling i den genetiska tolkningen — hur gang pa gang ackumulationen 
av data lett till teoretiska omvarderingar och hur dessa i sin tur stimu- 
lerat till beaktande och insamling av nya data. Redan nu har denna 
utveckling lett till resultat av storsta intresse for alla dem, som syssla 
med sulfidmalmernas geologiska problem. 
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Mammutfynd i Lerdal, Rittvik 
Av 
PER THORSLUND 


Abstract. In the summer of 1956 a fragment of a mammoth tusk was discovered at 
Rattvik in Dalecarlia, Central Sweden (Text-fig. 1). It lay somewhere in the upper 
2.5 m of the ground moraine which is almost 30 m thick in the neighbourhood of the 
finding place. The piece is 35 cm long, and the circumference at its ends is 22.5 and 
19.5 em, respectively. Very likely it is a part of a comparatively small tusk o {fapproxim- 
ately the same size as that described by Herntz (1956) from Skreia, 8. Norway, and thus 
belonged to a female. 


Under schaktningsarbeten for avloppsledningar i Rattvik tillvaratogs 
i mitten av juni 1956 ett stycke av en mammutbete. Det har genom 
tillvaratagaren, ing. H. W. Bergman, 6verlimnats till paleontologiska 
institutionen i Uppsala. 

Fyndet gjordes i Lerdal nara en vagkorsning i backen rakt upp fran 
bron 6ver Enan, ungefadr 400 m fran denna. Det gjordes i en uppbruten 
moradnkoka, da det rérlagda, max. 2.5 m djupa diket skulle fyllas. 
Belaigenheten 1 mordnprofilen ar darfor icke kand. 

Det tillvaratagna stycket, fig. 1, har en lingd av 35 cm, mater 22.5 
cm om tjockéndan (diametrar 6.7 « 6.5 cm) och 19.5 cm om den mera 
ovalt rundade smalindan (diametrar 6.3 x 5.7 cm). Den senare visar 
en frisk brottyta, varfor styckets fortsittning uppenbarligen finns 1 det 
igenlagda diket, nagot som aven gores sannolikt av en arbetares utsago. 

Matten ange, att stycket hairstammar fran en relativt smacker bete 
och att en jamforelse ligger nara till hands med de uppgifter, som 
Heintz limnat i Norsk Geol. Tidskr. for 1956 om ett liknande fynd 
vid Skreia pa vastra Mjésensidan. Detta utgéres av tva stycken med 
en passyta mot varandra, har en total lingd av 63 cm samt omkretsen 
avtagande fran 23.5 cm till ca. 19 cm. Utgaende fran omkretsmatten, 
dverensstammelsen ifraga om krumbéjningen och det sannolika anta- 
gandet, att tjockéndarna i bada fallen ligga pa ungefar samma avstand 
fran pulpahaligheten, kan sdlunda Rattviks-stycket passas in pa 
Skreia-beten, som enligt Heintz’ berikning ursprungligen varit mellan 
150 och 165 cm lang. Hernvz anser det sannolikt, att denna bete tillhort 
en vuxen hon-mammut. 

Liksom tidigare skandinaviska fynd av mammuttander 1 mordn 
utgér aven Rattviks-beten en bestandsdel — om dn en sairskilt an- 
markningsvard sidan — i blockmaterialet till detta slag av sediment. 
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Fig. 1. Det tillvaratagna stycket av Rattviksmammutens bete med den farska brottytan 
till hoger. Parabelrissen dro bist utbildade underst pa hogra delen. Mattuppgifter 
finnas i texten. 


Laget i Lerdalsmorénen var uppenbarligen ytligt, ty vid borrningar 
efter vatten i narheten har mordnmiaktigheten visat sig vara avsevird 
eller naira 30 m. Beten foreter tydliga spar av transport och tryck- 
pakénningar. De yttre skikten aro vid tjockéndan val avslipade och 
den glatta ytan visar 1 6vrigt rafflor och parabelriss, som tydlgt fram- 
trida pa den avbildade sidan. 

Ytterligare kan i fraga om Rattviks-betens sekundira lige féljande 
anforas. Vid rengéring av ojamnheter i den delvis urgrépta tjock- 
andan befanns dessa ojimnheter vara fyllda av ett sediment, som beten 
sannolikt tidigare varit inbiddad 1 och som tydligt skiljer sig fran 
den omgivande moradnen. Denna ar brunaktigt gra och mycket sandrik, 
medan sedimentet 1 de sma férdjupningarna snarast kan karakteriseras 
som en ljusgra lerrik sand. Bada sedimenten dro kalkhaltiga och hart 
cementerade. Ett litet prov av det sist naémnda har av fil. lic. And. 
Martinsson undersdkts med avseende pa innehallet av pollen och 
sporer. Analysen gay féljande resultat: 


WE URUS otek etka eels ee he ee 3 st Icke odlade pras ....csc.seceek 3 si 
IDEUUIG aie heats iats Sais lehy os erates 1» Selaginella selaginoides (mikrospor) 1 » 
Ericace pollen (Calluna-typ) ... 1 tetrad SPRAQVUM: a5 36.55.0550 wa rene 1 
Ovriga icke-tridpollen ......... 3 st Sporfragment 


Polleninnehallet ger icke méjlighet till nagra slutsatser; méjliger 
kan det framhallas som betecknande, att bland de f& pollen och sporet 
som antraffats aven Selaginella selaginoides forekommer, vilken 4i 
rikligt representerad i Pilgrimstads interglaciala lager.» 

Med Rattviks-beten far kartbilden 6ver mammutfynden i Sverige 
en intressant komplettering, i det detta sista fynd ligger inom det 
»vita» faltet mellan de nordliga och de sydliga fynden, aven om de: 
har nérmaste anknytning till de nordliga. Fran de bada sydliga norsk 
fyndorterna Skreia och Jessheim dr avstandet till Rattvik ndstai 
hka stort som fran Pilgrimstad. 
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X-Ray Diffraction Study of Inorganic Structural Units in a 
Fusinizid Fossil Plant (Vertebraria indica) 


By 


J. SEN 


This communication is one in the series for elucidating the structural 
units and their organization in plant fossils of various descriptions with 
special reference to the organization in their original mother substances 
(Sen 1955 a, in press a, b; Mitra and Sen 1956). The project also in- 
cludes investigations on the structure and properties of ancient buried 
wood (Sen in press c, Sen and Basak 1955). The whole situation has 
since been reviewed (Sen 1956). 

The present paper primarily aims at determining the mineral consti- 
tuents of fusain and their relation to the cell wall. It also aims at 
finding out if there is any difference between the rectangular blocks, 
and the furrows or ridges in between them in the axis of the Verte- 
braria indica in relation to their inorganic constituents and their 
orientation. This may indirectly help in ascertaining the morphology 
of the problematic Vertebraria to some extent, which has received the 
attention of the palaeobotanists for more than half a century (see 
Walton and Wilson 1932, Sen 1955 b, Pant 1956). This problem has 
been discussed in detail in another paper (Sen unpub.). 

Fusain has perhaps received the least interest of the X-ray workers 
on coal. Some suggestions have, however, been made regarding the 
fibre structure of fusain (Mahadevan 1940), and the state of mineral 
suspension in it (Horton, Randall, and Aubrey 1944). Some work was 
also done on the carbonisation of fusain mainly to determine the 
crystallographic changes (Blayden, Gibson and Riley 1944). The struc- 
ture of fusain, therefore, essentially remains a problem. 

The identification of minerals in unmodified fusain has never been 
taken up before. This is unecessary for two reasons. Firstly, all the 
minerals present in fusain may not be present in other bands of coal. 
Unless fusain is also examined, the knowledge regarding coal minerals 
will remain incomplete. Secondly, the identity of minerals associated 
with fusain have to be ascertained before any work on the geometrical 
and structural relationships between the minerals and the maceral 
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Fig. 1. Fusinized axis of Vertebraria indica with characteristic rectangular blocks, and 

ridges in between the blocks. The compression is flattened along the bedding plane of 

the banded bituminous coal bearing the fossil. This is borne by a carboraceous shale. 

The samples for X-ray examination were taken from the portions shown by arrow heads. 
Reduced 3/4 (ca.) nat. size. 


fusinite can be taken up. Structural relationships, as referred to, may 


be of some use to future workers interested in the mechanism of 
mineralisation of plant tissue. 
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Material 


The material consists of a fairly large completely fusinized axis of 
Vertebraria indica, wich characteristic rectangular blocks, and ridges 
in between them. The compression is flattened along the bedding atee 
of the banded coal bearing the fossil. This is found ona pavenecron: 
shale (Fig. 1). 

The specimen was collected by Mr. 8. K. Ghosh from Korba in the 
Central Province, India, and it belongs to the Barakar Stage (Lower 
Permian), Lower Gondwana. The fusinized axis is borne by typical 
banded bituminous coal, and it is one of the three remarkable fusinized 
compressions of the Vertebraria axes collected from different localities 
of the Indian Lower Gondwana for morphological studies. 


Experimental arrangements and Results 


The X-ray diffraction photographs of the fusain samples were taken 
in a cylindrical camera (5.73 cm radius). The radiation used was CuKa 
(1.54 A) filtered with nickel foil The X-ray tube was run with 40 kv 
with the tube current at 20 milliamperes. The time of exposure was 
5 hours in every case. 

Of the two samples examined, one was taken from a rectangular 
block (Sample No. 2) of the Vertebraria axis, and the other (Sample 
No. 1) was taken from one of the ridges in between the blocks. Thin 
flake-like woody fibrous materials of the fusain from these samples 
were exposed to the X-ray beam both perpendicular to the fibre axis 
and in the direction of the fibre axis. 

The minerals were identified by adopting the procedure previously 
followed by Mitra and the present author (1956). The spacings of the 
diffraction lines in the photographs of the fusain samples were com- 
pared to those of the known lines of different minerals. 

The X-ray diagrams (Fig. 2: 1—4) exhibit two minerals. One is 
quartz: the crystals are fairly big, because they produce individual 
spots instead of uniform rings. The second mineral is a chlorite, e. ¢., 


amesite. 


Intensity Found in the X-ray diagrams Amesite 
Strong 6.97 A 6.96 

Medium 3.48 A 3.47 A 
Weak 2.44 A 2.44 A 


The brief table, as above, is sufficiently convincing. So the spacings 
of the other diffraction lines have not been given. 

Quartz is well known as a commonly occurring mineral in coal. 
But so far as the present author is aware, amesite has not been pre- 
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Fig. 2. X-ray diffraction photographs (nickel filtered CuKa radiation; camera radius 
5.73 em; 5 hours exposure) of: 1. fusain from a ridge of the Vertebraria axis (Sample 
No. 1) exposed to the X-ray beam perpendicular to the fibre axis, note the orientation 
of the chlorite; 2. fusain as in 1, exposed to the X-ray beam in the direction of the fibre 
axis; 3. fusain from the rectangular block of the Vertebraria axis (Sample No. 2) exposed 
to the X-ray beam perpendicular to the fibre axis — note the orientation of the chlorite; 
4. fusain as in 3, exposed to the X-ray beam in the direction of the fibre axis. The pat- 
terns and the mineral lines in the ridges (figure parts 1—2; Sample No. 1) and those 
in the rectangular blocks (figure parts 3—4; Sample No. 2) are identical, appearing 
slightly more clear in the figure parts 1—2. 


viously reported in any coal (see also Nelson 1953, Mitra 1954). Amesite 
is fairly abundant in a fossil wood from the Indian Lower Gondwana 
(Mitra and Sen 1956), wherefrom the fusain samples for the present 
investigation were collected. Thus the previous expectation of Mitra 
and the present author (1956), that the mineral sources of the fossil 
wood in the Coal Measures and those of the coal seams, both belonging 
to the same formation, may be similar, has been fulfilled to some extent. 

The chlorites crystallize as flat lamellas. The rings of the chlorite 
in the X-ray diagrams are homogeneous (Fig. 2: 1—4). So its plate-like 
crystals must be very small. 

In both the samples, quartz does not show any orientation, whilst 
rings of the chlorite, at least in one photograph of each of the two 
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samples (Fig. 2: 1 and 3), indicate an arrangement of the lamellar 
plane parallel to the fibre axis. This is in accordance with the layering 
of the original cell wall. The significance of this observation may be 
of far-reaching importance in any investigation on the mechanism of 
mineralization of plant tissues. Probably there is a regularity during 
infiltration of plant cell wall by minerals. Whether the deposition of 
minerals is related to the submicroscopic framework of the original 
cell wall. 7. e., cellulose, is yet to be clearly determined. It has, however, 
been shown by the present author that the anisotropy in fossil wood 
is controlled by the pre-existing pattern in the original unmodified 
wood (Sen in press a). The structure of fusinite should also be ascer- 
tained before planning for future work. By such studies one might 
perhaps obtain new information with regard to the nature of the 
physical and »chemical processes which underlie the transformation of 
original plant constituents into coal». 

The X-ray diffraction photographs do not exhibit any trace of 
organic material. Cellulose has disappeared during the mineralization 
of the cell walls. The pattern of fusinite is not visible in the photcgraphs, 
because of the presence of the minerals in the samples, which have 
masked other features. 

The mineral contents in the samples from the rectangular blocks 
(Fig. 2: 3—4), and from the ridges (Fig. 2: 1—2) in between the 
rectangular blocks, of the fusinized Vertebraria axis are identical. The 
orientation of one of the minerals, 7. e., chlorite, is preferred to some 
extent in both the photographs taken with the X-ray beam perpen- 
dicular to the long (fibre) axes of the samples (Fig. 2: 1 and 3). The 
X-ray patterns in the two samples are thus identical; there is only 
slight difference in the degree of cystallinity. The mineralization of 
the two samples in the same fossil has also taken place simultaneously 
under identical conditions. So it is possible that the tissue-sources of 
the samples from the rectangular blocks and from the ridges may be 
of a similar nature. This idea has since been supported indirectly by 
chemical and partly by morphological facts. However, the limitation 
of these physical facts in solving a morphological problem should be 


fully recognized. 
Summary 


Two minerals, quartz and amesite, have been determined in the X-ray 
diffraction photographs of unmodified samples of fusain; these samples 
were separately collected from the rectangular blocks, and from the 
ridges in between the rectangular blocks, of a completely fusinized 
axis of Vertebraria indica Royle (Lower Permian, India). The X-ray 
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patterns of the samples are identical, showing thereby the similar 
nature of fusain constituents in the rectangular blocks, and in the 
ridges in between them. This finding has indirectly some bearing om 
the morphology of the problematic axis of the genus Vertebraria. 

Of the two minerals, amesite is a new record from coal. It is alsa 
oriented. The rings of the amesite indicate an arrangement of the 
lamellar plane parallel to the fibre axis. This is in accordance with the 
layering of the original cell wall. This feature is significant in connec- 
tion with the processes of mineralization of plant tissues. 

The author gratefully acknowledges his indebtedness to Drs. W. Ep- 
precht and A. Frey-Wyssling of the Federal Institute of Technology, 
Ziirich, Switzerland, and to Dr. J. B. Nelson of the British Coal Utilisa- 
tion Research Association, Leatherhead, England, for valuable sug- 
gestions during the course of this investigation, and also to Professor 
Olof H. Selling of the Naturhistoriska Riksmuseet, Stockholm, Sweden, 
for very kindly going through the pale obotanical contents of ma- 
nuscript, and giving facilities for the photographic work. 

Botanical Laboratory of the University College of Science, Calcutta. 


Present address: Riksmuseets Paleobotaniska Avdelning, Stockholm, 
22 November, 1956. 
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Uber die primiren Erzmineralien der Kupferlagerstitte von 
Ergani-Maden (Vilayet-Elazig), Tiirkei 


Von 


P. pE WisKERSLooTH, Ankara 


Abstract: In dieser Arbeit wurden die Mineralkomponenten des primairen Erzbestandes 
der Lagerstatte von Ergani in der Tiirkei beschrieben. Sie wurden dem Alter nach in 
vier Gruppen aufgeteilt. Besonders ausfiihrlich wurden die Mineralien Picotit und 
Linneit behandelt. 

Das Auftreten der Mineralien Hochtemperatur-Kupferkies, Cubanit und Valleriit 
weist darauf hin, dass im Vererzungsraum zeitweise hohe Temperaturen (zumindestens 
250°) gewaltet haben miissen. 


Das Kupfererzgebiet von Ergani (in alteren Schriften ist Ergani als 
»Arghana» geschrieben) findet sich auf halbem Wege zwischen den 
beiden Stadten Elazig (friiher Harput genannt) und Diyarbakir an 
der rechten Uferseite des Dicle-(Tigris-)Flusses. Es liegt in einem 
gebirgigen Gelande, welches geologisch zum 6stlichen Taurus zu rech- 
nen ist. 

Man unterscheidet das Hauptvorkommen (welches seit uralten Zeiten 
einen Abbau gekannt hat), das Vorkommen von Weiss (das neuerdings 
aufgeschlossen wurde) im Tale des Mihrab-deresi und das des Sehgel 
Tepe, direkt siidlich des Bahnhofes von Maden. 

Die Beschreibung der unten behandelten Erzmineralien betrifft nur 
den Mineralbestand des Haupterzvorkommens. 

Die Lagerstatte von Ergani ist in den letzten Jahren das Objekt 
vieler geologischen Untersuchungen geworden. 

Fiir weitere Einzelheiten iiber die Geologie des Erzgebietes verweisen 
wir auf die Berichte von H. Borcuerr (1952) und H. ScHNEIDERHOHN 
(1953) sowie auf unsere Arbeit (1945). 

Uber die Genese der Lagerstatte herrscht grosse Meinungsverschie- 
denheit. Wahrend H. Borcuert (1952 und 1955), H. ScHNEIDERHOHN 
(1953) und M. Srret (1950) eine submarine exhalativ-sedimentire 
Entstehung befiirworten, sind W. E. Perrascnex (1955) und wir 
(1954) der Auffassung zugetan, dass es sich um einen hydrothermalen, 
z. T. sogar hochtemperiert-hydrothermalen Erzabsatz handelt. 

In dieser Arbeit méchten wir nicht naher auf die Frage des geneti- 
schen Charakters der Lagerstatte eingehen, sondern uns nur befassen 
mit der Beschreibung der vielgliederigen Erzparagenese, welche die 
Lagerstatte uns bietet. 

17—573060. G. F. F. 1957. 
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Schon 1944 behandelten wir in einer Arbeit »Der primare Mineral- 
bestand der Kupferlagerstitte von Ergani-Maden» die Erzmineralien, 
welche die Erze von Ergani aufbauen. 

Etwas spiter (1950) erschien die Arbeit von M. Srrex, welche wert- 
volle mikroskopische Daten tiber die Erzmineralbildung von Ergani 
darbietet. 

Seitdem ist die Lagerstatte weiter aufgeschlossen (u. a. durch Anlage: 
von Stollen in der 1143 m. Sohle und durch Bohrungen, wodurch ein 
Studium der Vererzung der tieferen Teile der Lagerstatte mdglich 
wurde), sodass sich der Einblick in die Erzparagenese erweiterte. 

Aus diesem Grunde erschien uns eine Neubehandlung des Mineral- 
bestandes als wiinschenswert. 

An dieser Stelle méchten wir Frau Prof. D. Schachner-Korn und 
Herrn Prof. P. Ramdohr besonders danken fiir die Hilfe bei der Aus- 
arbeitung einiger mikroskopischer Probleme. Die Mikrophotos wurden 
auf Veranlassung von Frau Prof. D. Schachner-Korn von Frl. Wolff 
in Aachen gemacht. 


Erzmikroskopische Beschreibung 


In Anlehnung an unsere Arbeit (1944) gibt die nachstehende Tabelle 
einen Uberblick iiber die primaren Erzmineralien, welche das Mineral- 
gemenge der Lagerstitte von Ergani aufbauen. Auf eine Behandlung 
der die Erzmineralien begleitenden Silikate, sowie der Zementations- 
und Oxydations-Mineralien wurde verzichtet. | 

Es lassen sich vier Gruppen unterscheiden, welche jede fiir sich die 
Erzmineralien einer bestimmten Periode der Erzbildung umfasst. 


a) Picotit (Altbestand) 
Gruppe Ib) Magnetit 
c) Pyrit 
(Kataklase) 
Magnetkies, Linneit, unbek. Mineral 


Gruppe II Hochtemperatur-Kupferkies, Cubanit, Valleriit und (Zinkblende) 


Kupferkies, Pyrit-Markasit (Gelpyrit) 
Zinkblende, Bornit und Bleiglanz 


Kalzit und 
Ankerit 


Gruppe III 


Gruppe IV 


Wie in dieser Ubersicht angegeben ist, trat eine ausgesprochene 
Kataklase nach der Bildung der alteren Pyrit-Generation (I. c) ein. 
Die Erzmineralien der Gruppe I sind daher stark kataklastisch und 
unterscheiden sich dadurch von den Erzbildungen der Gruppe II, III 
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und IV. Diese Erscheinung iat sehr wichtig fiir die Erkennung der 
alteren und jiingeren Pyrit-Generation, Die altere Generation ist stark 
kataklastisch, die jiingere nicht, 

Die Gruppe II enthilt Erzmineralien hoher Bildungstemperatur wie 
Hochtemperatur-Kupferkies, Cubanit und Valleriit. Auch die Zink- 
blende, welche Entmischungakérper von Magnetkies zeigt, kann nur 
bei hoher Temperatur gebildet sein, Diese Paragenese diirfte nicht 
unter 250—300° entatanden sein, 

Die Gruppe III dagegen enthalt meist Kristallisationen, welche aus 
emem Gelzustand hervorgegangen sind, was im Allgemeinen auf nied- 
rigere Bildungstemperaturen hinweist, 

Die Gruppe IV ist nur aus carbonatischen Gangmineralien niedriger 
Bildungstemperatur aufgebaut. 

Im Folgenden werden die Resultate unserer mikroskopischen Unter- 
suchungen an den Erzmineralien der obenstehenden vier Gruppen, der 
Reihe nach, kurz geachildert, wobei besondere Aufmerksamkeit der 
Beschreibung der Erzmineralien Picotit und Linneit gewidmet wurde. 


GRUPPE I 
Picotit (Chromspinell) 


Obwohl der Picotit in den magnetitreichen Erzen der héheren Zonen 
der Lagerstitte von Ergani (vom Tagebau aufgeschlossen) angetroffen 
wird (Foto 1), ist sein Auftreten in den tieferen Teilen der Lagerstatte 
erst recht auffallend, So kommt er massenhaft in den Erzen der tiefsten 
Sohle (1 143 m.) vor (siehe Foto 2), Auch die in das vererzte Liegende 
der Lagerstatte niedergebrachten Bohrungen trafen picotitreiche Ver- 
erzungen an. 

— Durch diesen Reichtum an Picotit zeigt die Lagerstétte von Ergani 
eine treffende Analogie mit dem auch sonst recht ahnlichen Kupfer- 
kiesvorkommen von Outokumpu in Finnland (siehe V. O. VAnArALo, 
1953), welches ebenfalls picotitfiihrend ist, 

Der Picotit ist das ilteste Erzmineral. Er gehért im eigentlichen 
Sinne nicht dem Mineralisationszyklus der Vererzung von Ergani an 
ondern wurde als Altbestand magmatischer Herkunft in den Ver- 
TZungstaum aufgenommen, 

Der Picotit ist dagegen ein Kristallisationsglied basischer bis ultra- 
asischer Erstarrungsmassen oder ein pyroklastisches Glied basischer 
fuffe, welche beide als typische Begleiter der Lagerstatte bekannt sind. 

Der Picotit tritt in Form von idiomorph begrenzten, z. T. mehr oder 

niger korrodierten Individuen auf (siehe Foto 1). Meist liegen im 
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Fig. 1. Ergani-Maden (Magnetitreiches Erz aus dem Tageban). 
Vergr. 70 X. 


Picotit (grau) in Form von hypidiomorphen Individuen, welche eine starke Kataklase 
zeigen. Magnetit (hellgrau) hat sich diesen Picotit-Kernen angelagert (zugleicherzeit 
etwas den Picotit dabei verdriingend). Auch verkittet er die unregelmissig verlaufenden 
Spriinge im Picotit. Der Magnetit ist feinstkérnig. Kine silikatische Masse (schwarz) 
— (festgestellt wurden Hornblende und Ilvait) — bildet die zwickelausfillende Substanz. 


Anschliff typische Durchschnitte von Oktaedern vor. Charakteristisch 
ist die ziemlich allgemein verbreitete Kataklase seiner Individuen (siehe 
Foto 1). Es handelt sich um unregelmissige Spriinge, welche massen- 
haft die Kristalle durchqueren. 

Magnetit hat die Picotitindividuen umwachsen und hat deren Spriinge 
verheilt. Er verdringt auch teilweise den Picotit, jedoch ist dieser 
Vorgang meist beschriinkten Ausmasses. Diese Verdraéngung ist wohl 
zu unterscheiden von der magmatischen Resorption, welche die rund- 
lichen und buchtigen Begrenzungsformen des Picotits hervorrief. 

Die Verdrangungsarbeit des Magnetits ist bei Anwendung starkster 
Vergrésserung deutlich festzustellen. Man beobachtet eine feinverzahnte 
Verdrangungsfront von Magnetit gegen Picotit, deren Zahnungsrich- 
tungen parallel (111) des Picotits zu verlaufen scheinen. Auch zeigt 
der Picotit Reaktionsrander gegen Magnetit welche ein Reflexions- 
vermégen zwischen dem des Picotits und dem des Magnetits aufweisen. 

*'T. pu Rrerz (1955) beschreibt gleichartige, von Magnetit umwachsene und teil. 


weise verdringte Picotite (von ihm Cr-Magnetite genannt) aus den kaledonischen, ultra. 
basischen Gesteinen von Schweden. 
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Fig. 2. Ergani-Maden (Magnetitreiches Erz aus dem 1143 M. Niveau-Stollen). 
Vergr. 75 xX. 


Idiomorph begrenzte, z. T. leicht korrodierte Individuen von Picotit (grauschwarz) 
liegen massenhaft in einer Magnetitmasse (grau), welche z. T. verdringt wird von Kup- 
ferkies und Pyrit (beide gleich weiss im Bilde). 


Es handelt sich hier um ein neugebildetes Zwischenglied zwischen 
Picotit und Magnetit. 

Der Picotit enthalt 6fters kleine Einschliisse von Silikat (wahr- 
scheinlich Olivin). 

Analysen von picotitreichen Erzen wiesen einen merklichen Chrom- 


gehalt auf. 
Der Picotit zeigt im Anschliff bei Anwendung von Olimmersion 
braune bis rotbraune Innenreflexe — im Diinnschliff gréssere Licht- 


durchlassigkeit gegen normalen Chromit. 


Magnetit 


~ Obwohl der Magnetit in den héheren Zonen der Lagerstitte drtlich 
ziemlich stark vertreten ist, findet man ihn als wichtige Erzkompo- 
nente nur in den tieferen Teilen. 

Der Magnetit tritt meistens in Form von hypidiomorphen Klein- 
kristallisationen inmitten von Magnetkies und Kupferkies auf. Auch 
erscheint er gerne in feinkristallinen Aggregaten, in welchen Picotit- 
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Individuen eingebettet liegen (siehe Foto 2). Ofters ist er pseudomorph 
nach Haématit. 

Der Magnetit ist im allgemeinen stark kataklastisch. Er wird oft, 
von Spriingen aus, von Pyrit, Magnetkies und Kupferkies verdrangt. | 


Pyrit (dltere Generation) 


Der Pyrit kommt iiber die ganze Lagerstatte verteilt vor. Er ist 
aber in den hoheren Teilen der Lagerstiaitte weitaus am starksten 
vertreten. 

Der Pyrit ist ziemlich grobkristallin. Er enthalt viele Relikte von 
Magnetit. Er ist 6fters zonar gebaut. Die einzelnen Schalen des zonaren 
Pyrites kénnen einen verschiedenen Farbton haben. So wechseln 6fters 
gelbliche und blauliche Pyritschalen miteinander ab. 

Nach F. Hecemann (1943) enthalt der Pyrit von Ergani Co und Ni. 
Besonders ausgepragt ist der Co-Gehalt, welcher bis zu 1,25 % geht 
(spektralanalytisch festgestellt). Erzmikroskopisch wurden keine Ko- 
baltmineralien als Hinschliisse im Pyrit beobachtet; man muss daher 
annehmen, dass das Co isomorph dem Pyrit eingelagert ist. Der zonare 
Aufbau und die Anisotropie stehen mit einer solchen Annahme im 
Hinklang. 

Der Pyrit ist stark kataklastisch. Auf den Spriingen drangen Magnet- 
kies und Kupferkies ein und verdraéngten dabei z. T. den Pyrit. 


GRU E Pei: 


Magnetkies (Pyrrhotin) 


Der Magnetkies ist tiber die ganze Lagerstitte verbreitet, ist aber 
starker in den tieferen Teilen vertreten. 

Er tritt meist in Form von rundlichen bis lappigen Individuen — 
von Kupferkies begleitet — auf (siehe Foto 3). 

Der Magnetkies zeigt keine Druckzwillungsbildung. 

Er enthalt 6fters Linneit (siehe unter Linneit). 

Kr ist jiinger als die kataklastische, altere Generation des Pyrites 
dessen Spriinge er, zusammen mit Kupferkies, verkittet. Der Pyrit ist 
éfters von Magnetkies weitgehend verdrangt worden. 

Er scheint z. T. synchron mit Kupferkies der Gruppe II gebildet zu 
sein wahrend er eine altere Bildung als Kupferkies der Gruppe III 
darstellt, da dieser vielfach den Magnetkies (nach 0001) verdrangt, 
wobei lamellenformige Verzahnungen zwischen beiden Mineralien 
entstehen. 
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Fig. 3. Ergani-Maden (Magnetkiesreiches Erz aus dem 1143 M. Niveau-Stollen). 
Vergr. 450 x (Ol). 


Linneit (weissgrau) in Form yon lamellenférmigen Einlagerungen im Magnetkies 
(wechselndes grau). Es handelt sich wahrscheinlich um eine synchrone Verwachsung 
mit Magnetkies wobei die Linneitlamellen parallel (0001) des Magnetkieses orientiert 
sind. Rechts unten im Bilde Kupferkies und Pyrit (beide grauweiss, jedoch Pyrit mit 
deutlichem Relief). Weiter Magnetit (teils pseudomorph nach Himatit) (schwarz) in- 
mitten des Magnetkieses. 


Der Magnetkies wird manchmal in Pyrit-Markasit umgebildet. Hs 
liegt eine Schwefelung des Magnetkieses vor. So beobachtet man eine 
Verdrangung des Magnetkieses nach (0001) durch lamellenformige, 
feinstkristalline Aggregate von Pyrit und Markasit. Auch kénnen die 
hierbei gebildeten Pyrit und Markasit etwas grdber kristallin sein 
und nicht selten in hypidiomorphen Kristallisationen auftreten. Die 
Pyritisierung bezw. Markasitisierung des Magnetkieses scheint mehr 
oder weniger synchron mit dem Vordringen des Kupferkieses der Gruppe 


III zu sein. 


Linneit (Kobaltkies) 


Unsere mikroskopischen Untersuchungen an Erzen, welche den ver- 
schiedenen Sohlen der Lagerstatte entnommen wurden, haben nach- 
gewiesen, dass der Linneit-Gehalt nach unten deutlich zunimmt. 
Demzufolge sollte man annehmen, dass sich auch der Co-Gehalt des 
Erzes nach unten zu erhéht. Dagegen haben iiber 100 Analysen (im 
Laboratorium der Eti-Bank gemacht) von Erzen der verschiedenen 
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ig. 4. Ergani-Maden (Kupferkiesreiches Erz aus dem 1143 M. Niveau-Stollen). 
Verer. 570 x (Ol). 


Linneit (weissgrau) — idiomorph gegen Kupferkies (hellgrau) und mit buchtigen 
Begrenzungen gegen Magnetkies (dunkelgrau bis grau). Er scheint alter als Kupferkies 
und z. T. gleichaltrig mit Magnetkies zu sein. Anderseits ist der Magnetkies Verdranger 
des Linneits (innerhalb des Linneit-Kristalls beobachtet man feine Aderchen und kleine 
Flecken von Linneit verdrangendem Magnetkies) und daher z. T. jiinger als der Linneit. 
Weiter kleinkérniger Pyrit (hellgrau mit Relief) und einzelne Locher (schwarz). 


Sohlen gezeigt, dass der Co-Gehalt iiber die ganze Lagerstitte ziemlich 
konstant ist und zwar durchschnittlich etwa 0,4 % betragt. 

Man muss aber hierbei beriicksichtigen, dass der Pyrit (altere Genera- 
tion) nach den spektralanalytischen Studien von F. HeGEMANN (1943) sehr 
reich an Kobalt sein kann (Werte bis zu 1,25 °% Co) und dass der dltere 
Pyrit gerade in den hoheren Teilen der Lagerstitte maximal vertreten 
ist. Demnach wiirde der Co-Gehalt in den héheren Zonen am gréssten 
sein. 

Die Analysen lehren uns, dass die Abnahme des Kobalt-Gehaltes 
infolge eines Abnehmens nach unten des Co-fiihrenden Pyrites und die 
Zunahme des Kobalt-Gehaltes infolge eines Zunehmens nach unten 
des Linneits im Gleichgewicht stehen, sodass ein ziemlich konstanter 
Gehalt an Co der Ergani-Erze erreicht wurde. 

Man kénnte sich fragen, ob nicht der Co-Gehalt urspriinglich nur an 
Pyrit der alteren Generation gebunden war, welcher in den tieferen 
Teilen der Lagerstitte in Magnetkies und Linneit umgewandelt wurde. 
Die Erze der tieferen Zonen zeigen namlich deutlich, dass eine der- 
artige Umwandlung grossen Stiles in der Tat stattgefunden hat. 
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Fig. 5. Ergani-Maden (Kupferkiesreiches Erz aus dem 1143 M. Niveau-Stollen). 
Vergr. 400 x (Ol). 


Linneit (weissgrau mit deutlichem Relief) liegt in Form von kleinsten Kristiallchen in- 
mitten des Kupferkieses (hellgrau) vor. Er ist meist idiomorph begrenzt. Pyrit (schlechte 
Politur und sehr hohes Relief) tritt in Form von einzelnen Koérnern auf, Magnetit 
(schwarz) in Aggregaten oder in Form yon idiomorphen Einzel-Individuen. 


Der Linneit kommt in verschiedenen Formen vor und zwar: 

a) in Form yon meist xenomorphen bis hypidiomorphen Individuen 
legend im Magnetkies, 

b) in Form von lamellenformigen Verwachsungen mit Magnetkies, 

c) in Form von idiomorphen Kristillchen liegend im Kupferkies, 

d) in Form von kleinsten, meist orientierten Einschliissen im Kup- 
ferkies. 

Diese Verschiedenheit in der Erscheinungsform ist dadurch hervorge- 
rufen, dass der Linneit in einem lingeren Zeitbereich gebildet wurde 
und so die verschiedensten Altersbeziehungen zu den ihn begleitenden 
Mineralien hat. 

Diese Altersbeziehungen sind folgende: 

in Bezug auf Magnetkies: z. T. alter, aber meist synchron gebildet, 


in Bezug auf Kupferkies 
der Gruppe II: meist alter, aber auch synchron gebildet. 


ad a) Der Linneit kommt vor in Form von unregelmassig begrenzten 
Individuen, welche jedoch éfters eine Andeutung einer hypidiomorphen 
Entwicklung zeigen (siehe Foto 4). Dies weist darauf hin, dass der 


266 P. DE WIJKERSLOOTH [Jan.—Febr. 1957) 


Fig. 6. Ergani-Maden (Magnetkiesreiches Erz aus dem 1143 M. Niveau-Stollen). 
Vergr. 235 x (Ol). 


Linneit (weissgrau) meist in Form von kleinsten Lamellen (Flammen) welche gerne 
Magnetitkérnern aufsitzen und von dort aus keilformig in den Magnetkies vorstossen. 
Auch starten die Lamellen des Linneits 6fters von den Korngrenzen des Magnetkieses 
(grau). Magnetit (teils pseudomorph nach Eisenglanz) (dunkelgrau bis schwarz) liegt 
inmitten des Magnetkieses und wurde von diesem teilweise verdrangt. 


Linneit gleichartig wie Magnetkies oder bisweilen etwas Alter als 
dieser ist. 

Die Korngrésse ist recht wechselnd, erreicht aber meist einen Durch- 
schnittswert von 0,01 bis 0,1 mm. 

Die Linneitkristallisationen haben manchmal Pyrit und Magnetit 
als Kerne eingeschlossen. 

ad b) Der Linneit tritt inmitten des Magnetkieses in Form von kleinen 
Lamellen oder von Lamellenkomplexen auf, welche der Form nach 
den »Pentlanditflammen»' recht ahneln (siehe Foto 3 und 6). Sie sind 
dem Magnetkies parallel (0001) orientiert eingelagert. Oft beobachtet 
man, dass die Linneitlamellen, von Korngrenzen des Magnetkieses oder 
von Fremdkérpern (wie Magnetit) ausgehend, in den Magnetkies keil- 
formig vorstossen (siehe Foto 6). Die lamellenférmigen Gebilde kénnen 
sehr klein sein und werden dann gerne iibersehen. 

ad c) Der Linneit ist in Form von idiomorphen Individuen oder 
Individugruppen inmitten des Kupferkieses entwickelt, welche Oktaeder 


* Auf Grund dieses Gefiiges wurde in unserer fritheren Arbeit (1944) der Linneit 
zu Unrecht als Pentlandit beschrieben. 
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allem oder in Kombination mit Kubus erkennen lassen (siehe Foto 4 
und 5). Er ist ein wenig von Kupferkies und Magnetkies verdranet. 
Bei der Verdraingung durch Magnetkies treten dfters feinlamellare Ver- 
wachsungsstrukturen zwischen dem verdrangten Linneit und dem ver- 
drangenden Magnetkies auf. 

Die Korngrésse ist recht wechselnd, erreicht aber meist einen Durch- 
schnittswert von 0,01 bis 0,05 mm. 

Der Linneit hat manchmal Pyrit als Kern eingeschlossen. 


ad d) Der Linneit erscheint in Form von submikroskopisch-fein- 
kristallnen, meist langlichen Einschliissen im Kupferkies. Diese sind 
manchmal in grossen Mengen vorhanden. Sie sind ofters auf parallelen 
Linien angereiht, welche nach den kristallographischen Richtungen des 
Kupferkieses orientiert sind. Man hat den Eindruck dass es sich hier 
um Entmischungskérperchen handeln kénnte. 
Es sei hier darauf hingewiesen, dass V. VAHATALO in seiner Arbeit 

iiber die Kupferlagerstaétte von Outokumpu (1953) die unter ad a) 
und ad c) beschriebene Kristallisationsform von Linneit als »Linneit I» 
und die unter ad b) beschriebene Form als »Linneit II» bezeichnet hat, 
wahrend die unter ad d) beschriebene Form in Outokumpu nicht auf- 
zutreten scheint. 


Unbekanntes (oder nicht identifizierbares) Mineral 


In den Erzen der tieferen Sohle (1 143 m Sohle) der Ergani-Lager- 
statte tritt zusammen mit Magnetkies und Linneit ein xenomorph 
begrenztes Mineral auf, welches nur mit starker Vergrésserung wahr- 
nehmbar ist. Es liegt im linneitfiihrenden Magnetkies. Wegen der 
Feinkristallinitét war eine genaue Identifizierung nicht méglich. 

Man kann folgende Eigenschaften feststellen: 


Habitus: keine eigene Form gegen Magnetkies. 
Schleifharte: mittelhart, 
etwas harter als Linneit, 
fast gleich hart wie Magnetkies. 
Farbe: rosa-violet. 
Refl. Vermégen: ziemlich hoch, 
heller als die hellste Stellung von Magnetkies, 
deutlich dunkler als Linneit. 


Verhalten bei 
gekr. Nicols: isotrop (eventuell sehr schwach anisotrop). 


Innenreflexe: keine. 
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Fig. 7. Ergani-Maden (Kupferkiesreiches Erz aus dem Tagebau). 
Vergr. 570 X (Ol) (parall. Nikols). 


Valleriit (dunkelgrau) liegt in Form von lianglichen, meist recht unregelmassig be- 
grenzten Hinschliissen im Kupferkies (hellgrau). Er zeigt eine deutliche Orientierung 
nach (111) des Kupferkieses und weist daher eine Parallelitaét zu den, in Pyrit und 
Kupferkies zerfallenen »Cubanit»-Lamellen (weissgrau mit Relief) auf und lagert sich 
gerne diesen an. Chlorit-Blattchen (schwarz), welche nach (111) des Kupferkieses ange- 
ordnet sind, beteiligen sich am Aufbau der in Pyrit und Kupferkies umgewandelten 
»Cubanit»-Lamellen. 


Hochtemperatur-K upferkies 


Dieser Kupferkies ist aus den verschiedensten Teilen der Lager- 
staitte bekannt geworden. Er ist aber vorzugsweise in den tieferen 
Zonen der Erzlagerstatte heimisch. Dort wo Valleriit in den Erzen 
reichlich vertreten ist, trifft man gern Hochtemperatur-Kupferkies an, 
d.h. einen Kupferkies, welcher bei hoher Temperatur gebildet wurde 
und urspriinglich im kubischen System auskristallisierte, nachtraglich 
aber in normalen Kupferkies umgewandelt wurde. Dieser Kupferkies 
zeigt oleander-formige Umwandlungslamellierung. 


Cubanit 


Cubanit wurde nur einmal von uns in den Erzen des Tagebaues ange- 
troffen. Er ist nicht mehr als soleher vorhanden, da er ginzlich in 
Kupferkies und Pyrit-Markasit zerfallen ist. Ein derartiger Zerfall des 
Cubanites wird nach P. Ramponr durch die Einwirkung von Ver- 
witterungslésungen begiinstigt. 
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Fig. 8. Ergani-Maden (Kupferkiesreiches Erz aus dem Tagebau). 
Vergr. 570 x (Ol) (gekreuzte Nikols). 
Gleiches Bild wie Fig. 7, jedoch mit gekreuzten Nikols. 
Valleriit (weiss) hebt sich deutlich hervor — dies wegen seiner stark leuchtenden Aniso- 
tropie-Effekte. 


Der ehemalige Cubanit tritt in Erscheinung in Form von Lamellen 
im Kupferkies, welche aus feinstkérnigem Pyrit-Markasit und Kupfer- 
kies bestehen. Die Lamellen zeigen eine Orientierung nach (111) des 
Kupferkieses (siehe Foto 7 und 8). 

Auch die Feinverteilung Pyrit(Markasit)-Kupferkies innerhalb der 
Lamellen weist eine Orientierung nach (111) der Kupferkies-Haupt- 
masse auf und zwar derartig, dass der aus Cubanit entstandene, sekun- 
dare Kupferkies ein gesetzmissiges Weiterwachsen des primaren Kup- 
ferkieses zeigt. 

Die Lamellen haben eine wechselnde Dicke, welche sich plotzlich 
aindern kann — oft sind sie leicht verbogen. Sie enden 6fters abrupt 
mit einer querschneidenden Begrenzungslinie, welche nach (111) der 
Kupferkies-Hauptmasse orientiert ist. 

Die Lamellen liegen meist nur im Innern der Kupferkiesindividuen 
und stossen nicht in deren Randpartien vor. Die verschiedenen, nach 
(111) orientierten Lamellensysteme schneiden einander ab oder durch- 
kreuzen einander. 

Der Valleriit begleitet gerne den umgewandelten Cubanit (siehe 
Fig. 7 und 8). Er liegt éfters inmitten der Lamellen. Er ist ziemlich 
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frisch und hierin liegt ein grosser Unterschied zum Cubanit, welcher ' 
eben ganz einer Umwandlung anheim gefallen ist. 

Auffallend ist die Begleitung von Chlorit, dessen Blaittchen nach 
(111) des Kupferkieses orientiert eingelagert sind. 


Vallerwt 


Der Valleriit tritt recht allgemein verbreitet auf. Man findet ihn 
meist in Hochtemperatur-Kupferkies, vereinzelt zusammen mit Cubanit 
(zerfallen in Pyrit-Markasit und Kupferkies) (siehe Fig. 7 und 8). 

Er erscheint in Form von langlichen, meist recht unregelmassig 
begrenzten Hinschliissen im Kupferkies. Er zeigt eine deutliche Orien- 
tierung nach (111) des Kupferkieses und weist daher eine Parallelitat 
zu den »Cubanit»-Lamellen auf, an welchen er sich gern anlagert. 

Es hat den Anschein, dass die Valleriit-Einschliisse hier keine Ent- 
mischungsprodukte sondern eher synchron ausgeschiedene Einlage- 
rungen im Kupferkies sind. 

Der Valleriit ist auffallend frisch, und nur selten findet man An- 
zeichen eines Zerfalls in Pyrit und Kupferkies. 


Zinkblende (héherer Bildungstemperatur) 


Diese Zinkblende kommt verhaltnismiissig selten in den Erzen des 
Tagebaues (d. h. m den Erzen der mittleren und héheren Teilen der 
Lagerstitte) vor. 

Sie tritt auf in Form, von idiomorph entwickelten, kleinen Individuen 
inmitten des Kupferkieses. Charakteristisch ist ihr Gehalt an Magnet- 
kies-K6rperchen, was auf hohe Bildungstemperatur der Blende hinweist. 

Sie ist alter als der Kupferkies der Gruppe III. Dies zeigt die Idio- 
morphie gegen Kupferkies der Gruppe III. 


GR UCP PB st io 


Kupferkies 


Neben dem schon beschriebenen Hochtemperatur-Kupferkies (wel- 
cher reich an Valleriit-Einschliissen ist und bisweilen Cubanit enthilt) 
tritt ein normaler Kupferkies (bei niedrigerer Temperatur gebildet) 
als wichtigste Komponente der Ergani-Erze auf. Vor allem in den 
héheren Teilen der Lagerstatte diirfte er am stirksten vertreten sein. 

Er ist mehr oder weniger synchron mit Zinkblende, Bornit und Blei- 
glanz sowie mit Pyrit-Markasit (jiingere Pyrit-Generation) gebildet, 
mit welchen Mineralien er eng verwachsen vorkommt. 
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In Ausnahmefillen hat der Kupferkies einen kolloformen Aufbau 
und ist dann nicht selten von geringen Ausscheidungen von Pyrit 
begleitet. Diese sind meist in einzelnen Schalen der kolloformen Kup- 
ferkiesmasse stirker angehduft, wodurch der schalige bau des Kupfer- 
kieses weiter betont wird. 

Sine Bildung méchte mit der Schwefelung des Magnetkieses (d. h. 
mit der Ausscheidung der jiingeren Pyrit(Markasit)-Generation) zu- 
sammenfallen. 

Man beobachtet namlich allgemein, dass der Kupferkies, zusammen 
mit Pyrit-Markasit, in den Magnetkies nach (0001) vordringt. 

Der Kupferkies enthilt massenhaft auftretende Einschliisse von 
feinkristallmem Pyrit (der jiingeren Generation). 


Pyrit-Markasit (Gelpyrit; jiingere Pyritgeneration) 

Die jiingere Pyritgeneration findet sich sowohl in den hodheren wie 
in den tieferen Teilen der Lagerstaétte von Ergani. 

Der jiingere Pyrit ist gerne von Markasit begleitet. Er zeigt dfters 
kolloforme Texturen und pordése Kristallisationen. Auch die klein- 
kugeligen Gebilde (die sogenannten »vererzten Bakterien») gehéren 
hierzu. 

Die jiingere Pyrit-Markasit-Generation ist Verdranger des Magnet- 
kieses. Man beobachtet, dass feinstkristalline Aggregate von Pyrit und 
Markasit in den Magnetkies lamellar vorstossen. Die Pyrit-Markasit- 
Lamellen sind parallel (0001) des Magnetkieses orientiert. Auch findet 
man gréber-kristalline idiomorphe Pyrit-Markasit-Neubildungen, welche 
sich auf Kosten des Magnetkieses entwickelt haben. 

Der Pyrit dieser Generation tritt auch in Form von feinkristallinen 
Individuen inmitten des Kupferkieses auf. Diese Einstreuung von 
Pyrit der jiingeren Generation ist recht allgemein. 

Die Pyritindividuen enthalten manchmal viele Relikte von Magnetkies. 


Linkblende 

Die Zinkblende der Gruppe III wurde von uns nur in den Erzen 
des Tagebaues angetroffen und scheint daher mehr in den héheren 
Teilen der Lagerstéatte heimisch zu sein. 

Die Zinkblende ist meist synchron mit dem Kupferkies der Gruppe 
III ausgeschieden. Sie zeigt keine eigene Form, sondern ist unregel- 
missig und lappig begrenzt gegen den Kupferkies. 

Sie enthalt viele Kupferkies-Entmischungskérper. Auch findet man 
in der Blende vielfach kleine Pyritkiigelchen (sogenannte vererzte 
Bakterien). Nach M. Sirel (1950) liegen diese Pyritkiigelchen fast ohne 
Ausnahme in der Blende. 
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Bornit 

Der primiir gebildete Bornit wurde nur vereinzelt in den Erzen des | 
Tagebaues (in den hdheren Teilen der Lagerstitte) angetroffen. 

Er ist immer mit Kupferkies der Gruppe III verwachsen und bildet 
in diesem hakige Hinschliisse. Seine gleichaltrige Bildung mit Kupfer- 
kies, Zinkblende und Bleiglanz weist auf einen aszendenten Charakter 
hin (nicht zu verwechseln mit dem zementativen Bornit, welcher in 
viel grésseren Mengen auftritt). 


Bleiglanz 


Der Bleiglanz ist recht selten und tritt nur sporadisch in den Erzen 
der héheren Zone der Lagerstatte in Erscheinung. Man findet ihn als 
hakig begrenzte Einschliisse im Kupferkies, mit welchem er gleich- 
zeitig zur Ausscheidung kam. 


GR OPP as, Vi 


Calcit-Ankerit 


Calcit und Ankerit wurden iiberall in der Lagerstitte als letzte 
Bildungen ausgeschieden und zwar meist auf Kosten der Erzmineralien, 
welche 6fters in erheblichem Masse von diesen Karbonaten verdrangt 
wurden. Besonders die kolloformen Anteile der schwefelhaltigen Erz- 
komponenten (wie die des jiingeren Pyrites) mussten grésstenteils 
diesen Neubildungen ihren Platz einréumen. 


(15. August 1956) 
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Notiser 


Notes 


Preliminary Note on the Isotopic Composition of Carbon 
in Some Swedish Rocks * 


By 


SturE LANDERGREN 


In connection with a study on the relative abundance of the stable carbon 
isotopes in sediments and rocks of different ages the isotopic composition of 
some samples of Swedish pre-Cambrian rocks have been determined and the 
results are separately presented in this preliminary note. 

Four samples are taken from the black graphite bearing schist of the 
lower leptite etage of the Grythytte rock series in central Sweden (SUNDIUs, 
1923). In all samples the isotopic composition of the graphite and in two 
of them also the #C/#C ratio of the minute quantity of calcium carbonate, 
associated with the schist, has been determined. In Table I below the results 
are presented. 

Table I. 


Isotopic composition of graphite and carbonate in Grythytte schist 


bos 126/181 

Aine itass graphite carbonate 
Near: Rilipstads 2 saticis «ee. orise 90.85 — 
BoOne Herneho wpevcesek euwces eee 90.74 89.98 
Grythyttaiiie aicractiver veces oe sae 91.32 89.39 
(Carey Glity HUAI G soit yels ercisinie Ss /e7siv1 6 eae 90.89 .= 


1 Stockholm scale. 


As far as our present knowledge is concerned the isotope ratio of the 
graphite indicates organic origin. Furthermore, the ratios of carbon in the 
carbonate ions show an increase in the light isotope compared with the 
average ratio of normal limestone settled in good ventilated sea water 
(2C/3C = 88.5—88.6). If the calcium carbonate is a primary constituent of 
the original bituminous clay the increase in the lighter isotope may be due 
to the contribution of organic carbon dioxide — derived from decay of 
organic matter — in the milieu causing a precipitation of comparatively 
ae carbonate, as earlier discussed by the present author (LANDERGREN, 
1954). 

If, on the other hand, the carbonate in the Grythytte schist is secondary 
or if a secondary rearrangement of the primary isotopic composition of the 
carbonate has occurred, no conclusion whatever as to the origin of the car- 
bonate or the cause to the »anomal isotopic composition could be drawn. 
However, in the paper by Sunpius cited above, no observations indicating 
a secondary origin of the carbonate in the schist are found. The Grythytte 


* Paper No 13 in a series devoted to the application of isopote ratios to geologica 
problems, 
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schist and its carbonate component show an isotopic composition strikingly 
similar to the corresponding composition of Cambro-Silurian alum shales 
from southern Sweden (LANDERGREN, 1955). 

The isotopic composition of graphite has been determined in five samples 
of the graphite bearing pre-Cambrian gneiss from the eastern part of central 
Sweden (the so-called »Sérmlandsgneis») and the ratio 2C/3C has been cal- 
culated. The figures are given in Table II below. 


Table II. 


Isotopic composition of graphite in pre-Cambrian gneiss 


Location: 12(1/18(1 
IG tare gern wx ace ia cyeis anne aie sheyeie Pe 90.21 
ROEIE HN PARI on ce. areas qh wisi s Ot gemnslo im oie 90.52 
Haina: Uppland)... <2. -2s0 es ace nee ss 91.52 
N. Klockebacken, 0. Haninge ........... 90.78 
Sin Uthervike NyKGping oc nisis oc = oe wwe tiers 90.76 


1 Stockholm scaie. 


Also in this case the magnitude of the ratio #C/#C points to an organic 
origin of the graphite, since the value 90 so far is regarded as the limit be- 
tween inorganic (< 90) and organic (> 90) carbon. 

If taken for granted that the isotopic composition of the graphite has 
remained practically unchanged during the gneiss forming processes two 
possible explanations can be suggested. The graphite can be »relics» of clay 
sediments included in the gneiss. If so, nothing can be concluded as to the 
origin of the gneiss in question. The other possibility is that the rather 
frequent occurrence of graphite of organic origin indicates that the gneiss 
has been a sediment series which has undergone a regional metamorphism 
giving rise to the formation of the gneiss. This will be further discussed in 
a forthcoming paper elsewhere. 

Geological Survey of Sweden 
Geochemical laboratory 
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Nagra ord om limonitkittade kvartéra bildningar inom 
Lapplandsfjallen 


AV 
Oskar KULLING 


I samband med berggrundskartlaggning inom Viasterbottensfjallens cen- 
trala del under mitten av 1920-talet observerade forf. enstaka sma rost- 
fargade, kantiga block, som hade ett breccie- till tillitliknande utseende, 
men som vid nirmare granskning visade sig vara limonitkittade kvartara 
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bildningar. Skenbart lago de som sma flyttblock i den genom jordflytning 
omlagrade moranen. 

Under den fortsatta kartliggningen av fjallberggrunden bade inom Vaster- 
bottensfjillen och inom Norrbottensfjillen har sa gott som varje sommar 
nagra sidana block av limonitkittade bergartsliknande bildningar observerats 
och deras fasta klyft uppsparats. Blocken ligga vanligen i fjallsluttningar, 
ofta vid eller strax nedanfér basen av bergavsatser. Den fasta klyften traffas 
i allmiinhet nigot ovanfér blocklokalen. Férhallandet har tydligen varit 
féljande. Under ett visst skede av den postglaciala tiden har det mot mark- 
ytan framsipprande grundvattnet inom de aktuella omradena haft en viss 
jirnhalt, som utfillts, nar grundvattnet tradde i dagen eller kommit i kon- 
takt med markhorisontens Ovre, oxidativa eller pa annat satt malmfallande 
skikt. Frostspriingning har sedan brutit loss sma partier av den limonit- 
sintrade jordarten. De bildade smablocken ha tagits om hand av jordflyt- 
ningen och firts till ligre liggande positioner. Vid de flesta av de undersékta 
lokalerna fir limonitkittade kvartira bildningar férefaller det, som vore 
limonitcementeringen ett avslutat skede och en destruktiv period ha intratt. 

Om man siker spara ursprunget till grundvattnets jarn, sa visar det sig, 
att invid de allra flesta av lokalerna for limonitsintrade jordarter kisrik, 


svart skiffer gar i dagen. Da sadan svart skiffer ar siirskilt vanlig inom évre 
delen av den geologiska zon, som benimnes Hyolitheszonen, kan man lings 
denna zon av figa fdrindrade sedimentbergarter vanta att fmna de flesta 
limonitkittade bildningarna. Diremot synes limonitcementerade jordarter ej 
vara vanliga inom omraden med exempelvis kisimpregnerade amfiboliter. 
Det fdrefaller, som det fran dessa emanerande jarnhaltiga grundvattnet 
triider i dagen firetridesvis genom distinkta sprickor och ger anledning till 
jarnockrautfillningar lings rannilar och sma biackar, pa markytan alltsa, 
medan de kisrika, svarta skiffrarnas grundvatten silar fram mer diffust 
firdelat samt nastan alltid har ett skiffergrusrikt parti av ovanliggande 
jordarter att triinga igenom och utfiillas 1. : 

Den higst beligna, aneroidavvagda lokalen for limonitrik kvartar bildning 
ligger pa ca L180 m:s héjd i fjillmassivet sydvist om Ikisjaure i sédra delen 
av Norrbottensfjillen ej] langt fran grinsen mot Norge. Férekomsten Ar 
metermiktig samt har snarare karaktiren av myrmalm med inblandade 
bergartsflisor an av limonitsintrad kvartir. Svart, kishaltig skiffer anstar 
i omedelbar nirhet. 

Renare myrmalm har aiven, ehuru undantagsvis, noterats inom hégfjallen. 
En sidan firekomst, som i naturen ger sig till kanna som en flack kulle 
med ca en m:s diameter, finnes observerad inom den vastra Hyolitheszonen 
norr om Tuoddarjaure i Norrbottensfjillens nordvastra del. Férekomstens 
hdjdlage ar ca 1020 m. Intill forekomsten anstar rostande fyllitlerskiffer. 
I trakten finnes dven svart, kishaltig skiffer. Myrmalmsbildningen har tyd- 
ligen &gt rum kring en ur marken upptringande grundvattenadra med jarn- 
haltigt vatten, [ sin dvre del har lmonitmalmen blivit férgrusad genom 
frostspriingning. | 
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Anmiilanden och kritiker 


Reviews and Discussions 


H. Eruart: La genése des sols en tant que phénomeéne géolo- 
gique. Esquisse d'une théorie géologique et géochimique. 
Biostasie et rhexistasie. Masson et Cie, Paris, 1956. 90 sid. 
Pris 560 fr. 


Foérfattaren presenterar i denna form sin teori om faciesvaxlingarna bland 
saval marina som kontinentala sediment. Framfér allt pi Madagaskar har 
han studerat lateritbildningen 1 de tropiska regnskogarna och iakttagelser 
av jordmansbildningen ha gjorts aven i Asien, Afrika och Amerika. Han 
har darvid letts till den slutsatsen, att vaxlingarna mellan olika sediment- 
typer, sasom kalkstenar, skiffrar etc., ha sina orsaker i vaxlingar i vegeta- 
tionen. Jordmansbildningen (pedogenesen) har verkat som ett filter, varvid 
vissa 4mnen foérts bort i lésning och andra blivit kvar. Detta ar den s. k. 
biostatiska fasen. 

Rhexistasien innebar, att denna stabila fas plotsligt avbrytes och vege- 
tationen i stort sett forsvinner. Sasom ett genom manniskans ingripande for- 
orsakat exempel harpa namns skogarnas utrotande fran Nordafrika och 
andra delar av Medelhavsomradet. I gangna tider ha sadana avbrott be- 
tingats av klimatiska vaxlingar — vilka 6verlamnas till astronomerna att 
férklara. Sasom ibland ar fallet med originella teorier nimnas aven jord- 
skalv och vulkanutbrott som tinkbara bidragande orsaker. Enligt for- 
fattaren sjalv utgér hans teori en sammanjamkning av Cuviers och Lamarks 
tankegangar. 

Har dr icke platsen att narmare granska teoriens hallbarhet. Den verkar 
dock i manga avseenden ratt egendomlig. Konsekvenserna bli ibland nagot 
férbluffande, t. ex. att redan fore devon kontinenterna maste varit bevuxna 
av en timligen hégt utvecklad vegetation. Den som verkligen vill satta sig 
in i teorien, skulle emellertid 6nskat, att den askadliggjorts aven med hjalp 
av illustrationer och scheman. Sadana saknas tyvarr helt. 


Jan Lundqvist 


SicurpuR THorarinsson: Hekla on Fire. Hanns Reich Verlag. 
Miinchen 1956. 29 textsidor, 53 planscher. Pris 17.50 kr. 


Nar namnet Hekla pa forvaren 1947 upptog en avsevard plats 1 vara 
dagliga tidningars férsta sidor genomforde detta Islands yheliga berg» en 
avreaktionsprocess, som man visste borde vara att forvanta nagon gang 
vid ifragavarande tidpunkt. Liksom manga aktiva vulkaner féreter Heklas 
eruptiva verksamhet en viss periodicitet men perioden har under de senaste 
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tusen dren successivt forlingts mot c:a 100 ar, vilket ju innebir, att ingen 
minniska har méjlighet att mer 4n en gang i sitt liv uppleva en dylik av- 
reaktion. Ehuru islinningarna av detta skal bildligt talat lago i startgroparna 
fér att deltaga i och studera det magnifika skadespel som vantades — nar- 
mast féregaende utbrott av sjilva Hekla hade férevarit 1845 — blevo de 
bokstavligt sett tagna pa singen nar vulkanen nu ater hade samlat sig till 
aktion. Overraskningsmomentet hindrade emellertid icke att man snabbt 
kom igang for att pa ort och stalle studera de processer som spelat en sa vital 
roll for det islindska landskapets nuvarande utformning. I vissa avseenden 
fingo val undersékningarna, i synnerhet i bérjan, bedrivas med relativt 
begriinsade resurser, men denna nackdel uppvigdes sakerligen av den lidelse 
och kirlek med vilken samtliga deltagare i studieexpeditionerna gingo in 
for uppgiften. Som en féljd av dessa arbeten hade ytterst intressanta veten- 
skapliga resultat redovisats i en serie publikationer i »Societas Scientarum 
Islandica» under dverrubriken »The Eruption of Hekla 1947—1948», med 
T. Einarsson, 8. Kjartansson, 8. Thorarinsson m. fl. forfattare. 

I »Hekla on Fire» har Thorarinsson fdr en bredare naturvetenskapligt 
intresserad lasekrets velat sammanfatta de viktigaste data rdrande vad som 
férekom i samband med Heklas senaste utbrott. Framstallningen har blivit 
nagot av en spinnande aventyrslek med geologisk bakgrund. Man far forst 
en historisk aterblick av aldre dagars vittnesbbrd om Hekla med allt vad 
de innehalla bade av exakta iakttagelser och romantisk dvertro. Diarefter 
foljer en fascinerande redogoérelse for de forsta iakttagelserna roérande ut- 
brottet 1947 samt for hur man under de manader utbrottet varade fdljde 
dess olika faser, 

Vad man emellertid mahanda sarskilt bér framhalla ar det utmarkta 
ilustrationsmaterialet. Texten beledsagas av ej] mindre ain 53 helsidesplan- 
scher, varav 10 i farg, och man noterar med tillfredsstillelse den héga kvali- 
teten pa reproduktionen av bildmaterialet. Detta ger ett adekvat uttryck 
at dramatiken och ddesstiimningen vid sjalva vulkanen men Aven at frid- 
fullheten 1 omgivningarna, den senare t. ex. symboliserad av bilderna med 
de sma islandshastarna lugnt betande mot bakgrunden av de vialdiga ask- 
molnen eller av de trygga »islandstrdjorna» studerande toppkraterns explo- 
sioner. 

I denna utsékta bildkomposition framstar Thorarinsson sasom konstnar 
av hég klass vid sidan av egenskaper som prominent forskare och man vill 
girna lyckénska honom till ett resultat som sakerligen kommer att vinna 
livlig uppskattning ay varje naturalskare. 

Sven Gavelin 


KE. Wm. Hetnricu: Microscopic petrology. Me Graw-Hill Book 
Company, Inc. New York—Toronto—London 1956 (tryckt 
i York, U.S. A.). XIV + 296 sidor, 70 fig. Pris i helklot- 
band 49 s. ($ 6.50). 


_Den Heinrichska liroboken ingar i Me Graw-Hills nya serie fér de geolo- 
giska vetenskaperna, dir tidigare tre arbeten utkommit. I likhet med de 
flesta andra nordamerikanska universitets- och hégskolelarobicker ar Hein- 
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richs bok val disponerad och lattlast. I det férsta kapitlet behandlas slip- 
provstillverkning, och data meddelas fér en synnerligen lamplig ersittare 
till kanadabalsam, termoplastcementet Lakeside nr 70 (fas fran Chikago). 
Sarskilt for dem, som ofta arbetar med universalbord, ar det tillfredsstillande 
att fa lara kanna ett bindemedel fér slipprovet, som icke flyter ut nir dvre 
segmentet paskruvas. : 

Fargningsforfaranden fér olika mineral anges ocksa, t. ex. for atskiljande 
av olika faltspater och faltspatoider vid geometrisk analys. 

Efter det metodologiska inledningskapitlet ger férf. en dverblick av de 
vanligare eruptivbergarterna och deras strukturer. Kapitlet ar synnerligen 
valskrivet, med korta och klara karakteristika. 84 har t. ex. de olika aspek- 
terna pa granitisering samlats till tre huvudalternativ om tillhopa blott 
9 rader. 

Eruptivbergarterna behandlas sedan mera ingdende familj fér familj. 
Nomenklaturen skiljer sig har och var fran den hos oss vanligen anvanda. 
Salunda definieras hyperit som en olivinfri bergart: melanledet mellan egent- 
lig gabbro (plagioklas + klinopyroxen) och norit (plagioklas + hypersten). 
Darigenom kommer hyperitbenémningen att tacka det mesta av vad som 
i Sverige kallas norit. Som framgar av Sven Hjelmqvists dversikt av hyperit- 
begreppets vaxlingar genom tiderna i Tabergsbeskrivningen 1950, innebir 
den av Heinrich anvanda definitionen pa hyperit dock intet nytt. Redan 
Rosenbusch ville i denna bergart se ett mellanled mellan gabbro och norit. 

Eruptivbergarterna foljes 1 texten av sedimentbergarterna, och sist kommer 
de metamorfa bergarterna. Har lagger man framst marke till migmatiternas 
styvmoderliga behandling. De berérs allra sist i boken och pa mindre an 
en sida. Férf. motiverar detta med att de “are not normally usefully studied 
in their entirety by thin-section methods’, ett for atminstone fennoskandiska 
petrologer nagot besynnerligt uttalande. Man skulle ocksa velat ha ett text- 
férband mellan a ena sidan de egentliga gnejserna, innefattande granat- och 
cordieritgnejs, och 4 andra sidan migmatiterna. Ty 1 naturen saknas da 
sannerligen icke forbandet. Man behover blott erinra sig Abotraktens kakolit, 
miasterligt beskriven avy Anna Hietanen. 

Men de metamorfa bergarternas indelning fr nu en gang ett besvarligt 
kapitel. 

nee ar tryckt pa ett utmarkt, glittat, stadigt papper och val bunden. 
Den haller att tummas av manga studenthander. Illustrationerna ar, det 
goda papperet till trots, diremot icke alltid lyckade. Min anmarkning giller 
mikrofotografierna, vilka i flera fall borde ha tagits med stérre forstorings- 


grad. Alla bir inte lasglas i fickan. 
Per H. Lundegardh 


Nits H. Macnusson, G. Lunpevist och Ertk GRANLUND: Sve- 
riges geologi. Tredje upplagan. Svenska Bokférlaget/Nor- 
stedts. Stockholm 1957. VI + 557 s., 232 onumrerade text- 
fig. jimte talrika klischerade dversikter och 2 utvikskartor. 
Pris bunden i helklotband 37: 50. 


Férsta upplagan av Sveriges geologi, forfattad av N. H. Magnusson och 
E. Granlund, utkom 1936 och omfattade 255 textsidor. Som jag papekat 
redan i en tidigare recension, var denna edition stillvis alltfor komprimerad. 
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Andra upplagan, i vilken G. Lundqvist efter Granlunds franfalle intradde: 
som medarbetare, svillde ocksa till hela 424 textsidor. Den utkom 1949 och: 
blev en fulltraff. Resultatet har avtecknat sig i den visentligt kortare tids-. 
rymd, boken behévt fér att bhi slutsald. ; 

I sin tredje, nu féreliggande upplaga har Sveriges geologi vuxit ytterligare 
i omfang (557 textsidor). Priset har samtidigt stigit till mer an det dubbla: 
jamfért med andra upplagan — 37: 50 mot 17: 25, men da skall inflationerna: 
icke forglémmas. Forfattarna har ocksa genom att avsta fran en del av sina 
arvoden pa ett foredémligt sitt bidragit till att halla kvar priset pa en rim- 
hg niva. ; 

Tiden har nu ansetts inne att i G. F. F. uppdela-recensionen av Sveriges 
geologi pa tva avdelningar, en berggrundsgeologisk och en kvartargeologisk. 
I detta forsta avsnitt kommer berggrunden att granskas. 

Magnusson har icke slappt efter ett uns pa den klara och féljdriktiga fram- 
stillningskonst, som var ett av den andra upplagans adelsmarken. Det nya 
kunskapsmaterial, som kommit till under de atta senaste aren, har mjukt 
fogats in i helhetsbilden, och manga av de gamla textfigurerna har fatt vika 
for nya. Annu finns visserligen nagra av forsta upplagans gruvkartor med 
maskinskrift pa bildramen kvar, men detta har sin grund i att sa stora kost- 
nader nedlagts pa en saklig revidering av bildmaterialet att andringskray 
foranledda av rent estetiska synpunkter mast hallas tillbaka. 

Bland de manga illustrationsforbattringarna 1 berggrundsdelen skall naém- 
nas ett antal nya vackra bilder av svenska kambrosilurfossil. Till det goda 
helhetsintrycket bidrar aven en noggrann upplappning och en i jamforelse 
med tidigare upplagor férhéjd kvalitet pa papperet. 

Innehallsmassigt har kapitlet Vart lands ytgestaltning 1 dess beroende av 
berggrunden kanske férandrats mest. Man lagger hair ocksa marke till nagra 
nya roliga bilder, sasom Sten Rudbergs karta 6ver jotniska och yngre av- 
lagringar avensom peneplan av olika aldrar och stérre forkastningslinjer i 
anslutning till sj6ar 1 sdédra och mellersta Sverige. Kartskalan ar dock i 
minsta laget. 

Aven kapitlet om den skandinaviska fjallkedjan har starkt omarbetats, en 
naturlig konsekvens av den intensiva forskning, som dir bedrivits under 
senare ar. 

I sydvastra Sverige, iksom i Losfaltet, har beteckningen karel for den 
yngsta urbergscykeln fatt vika for dalslandium, den term som Sederholm 
ar 1932 inforde for Dalserien (Dalformationen) enbart. Magnusson vill hiiri- 
genom betona, att Norrbottens karel kan innehalla sadant, som betecknas 
som gotium 1 Sydvastsverige. 

Med den likaledes nyinférda termen gammalgotium menar Magnusson allt 
urberg aldre an Amialsserien (Amalsformationen) i Sydviistsverige. Denna 
term blir alltsa till en stor sick, vari kastats somt som kan vara svekofen- 
niskt (svioniskt) och somt som kan vara iinnu dldre. Jag skulle nog for egen 
del vilja begransa gotium till den utveckling, som bérjar med Stora Le- 
Marstrandsserien — det ar sedimentgnejserna i Bohuslin och vistra Dals- 
land, men forskningen inom denna del av landet ar stadd i sa stark utveck- 
ling, att nagon bestamd nomenklaturlinje annu icke kan uppstakas. 

Hur noggrann Magnusson varit, niir det giller att samla in nya data, visas 
bland annat av alderssiffran for Hégsbopegmatiten vid Goteborg. Wickmans 
varde, 1300 miljoner ar, har ndmligen annu inte publicerats! Vid detta ungefar- 
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liga tal slutar alltsa den gotiska eran. Man vander genast blicken mot Finland 
och finner, att saviil Lapplands- som Obbniis-, Bodom- och Avagraniterna 
har ungefar samma alder, 1 300 4 1 400 miljoner ar, enligt Kahma och Inger- 
son. Dessa bergarter skulle alltsa komma att bli ekvivalenter till Smalands- 
Filipstads- Amals-Kroppefjallsgraniterna, 

I berggrundskartan ser jag, att porfyrgraniten vid Ange fortfarande be- 
tecknas som Revsundsgranit. Det ar har i sjalva verket fraga om en ildre gra 
porfyroblastisk granit av primorogen typ. Annars har jag inte kunnat finna 
nagra namnvarda inadvertenser. Liget av dverskjutningen sider om Ange 
och Sundsvall har i huvudsak bekraftats av sistlidna sommars nu genom- 
gangna karteringar. 

I sin helhet betraktad ar Magnussons omarbetning av andra upplagans 
text 1 belysning av hans 6vriga arbetsbérda ett storverk. Hur han hunnit 
med att sa intrangande penetrera alla de nyare forskningsrénen, och da iiven 
flera av de opublicerade, ar for mig en gata. Vad mera, aven korrekturlis- 
ningen har varit avy hog klass. Blott nagra fa tryckfel har jag kunnat finna. 

Skulle jag sa till sist komma fram med en liten énskan for den framtida 
fjarde upplagan, ar det att fa in namnhanvisningar i texten. Nu star det bara 
att »en forskare har funnit», och da ar det inte alltid sa latt for nybérjaren 
att gissa pa ratt person. Dock finns efter varje kapitel sammandrag av de 
undersékningar, som olika geologer utfért inom de behandlade omradena. 


Per H. Lundegardh 


Jordartsdelen i den nya upplagan av »Sveriges geology har vad omfanget 
betraffar genomgatt en liknande utvecklingsserie som berggrundskapitlen. 
I férsta upplagan inrymdes skildringen av kvartaren pa 109 sidor, i den 
andra pa 174; nu har sidantalet vuxit till 219. 

Vid en férsta genombladdring gor den sista upplagan ett ganska nytt 
intryck i jamforelse med den férra. Frimst beror detta pa illustrationerna. 
Dessa har 6kat i antal fran drygt 70 till drygt 90. Av de sistnamnda iir emel- 
lertid ej mindre an ett 40-tal omarbetade eller helt nya. Pa detta satt har 
atskilligt nytt material kommit med 1 bilder, kartor, diagram och bildtexter. 
En viktig kalla har har varit de sammanstillningar, som gjorts for »Atlas 
dver Sverige». Som helhet ar illustrationsmaterialet val valt, val utarbetat 
och samverkar med texten till en klar, askadlig framstillning. Det bor be- 
tonas, att illustrationerna aro av god teknisk kvalitet; 1 forra upplagan hade 
tydligen en del misséden intriffat vid sjalva tryckningen. 

I texten mirkes frimst nya avsnitt om vattendrag med en god redogorelse 
for de just nu hos oss sa aktuella, teoretiskt och praktiskt viktiga fragorna 
om flodernas geologiska verksamhet, vidare om aldersbestamningar med C*'- 
metoden, samt en dversikt dver Sveriges jordartsregioner. Avensa har bl. a. 
de recenta glacidrvariationerna, palsmyrarna och lermineralogiska unders6k- 
ningar uppmarksammats. I évrigt ar dock texten i stort sett oférandrad. 
_ Detta beror icke pa nagon konservatism — aven nya, opublicerade data har 
infogats i framstallningen — utan sammanhianger med den kritiska modera- 
tion, varmed de ofta ritt sa omdiskuterade kvartirgeologiska problemen be- 
-handlats. Nar nu t. ex. 4 ena sidan nyare geokronologiska utredningar med- 
for vissa korrigeringar av De Geers kronologi, a andra sidan C™-dateringarna 
bestyrker dennas approximativa riktighet, ar detta blott en bekraftelse pa 
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Lundqvists ord, att en kontroll och revision av lervarvskronologien ar pa- 
kallad, men att huvuddragen torde sta sig. Inom nivaforaindringsforskningen 
har de nyare, ofta komplicerade och motstridiga utredningarna icke medfort 
ékad klarhet, Den tidigare framstiallningen star sig ocksa har gott. 

Att leta efter inadvertenser och tryckfel ar en otacksam uppgift. Namnas 
bor dock, att »permafrost» anféres som internationell synonym till tjale. 
Termen permafrost har av sin upphovsman definierats som »permanently 
frozen ground)», alltsa speciellt den perenna tjalen, ej tjiale i allmanhet (jfr 
N. G. Horners éversikt 1 G. F. F. 1950, sid 230 ff.). Pa tryckfelens konto far 
val skrivas, att illit kallas ett glimmerrikt lermineral, i stillet for glimmerlikt. 

Genom textens och bildmaterialets utdkning har jordartsdelen blivit en 
allsidig elementir larobok i svensk kvartiirgeologi. Den har visserligen blivit 
mera kraivande in Granlunds forsta, enkla och kortfattade framstallning. 
Men 4 andra sidan ger den en biattre belysning av de mangskiftande speciella 
problem, som moter inom kvartargeologien, och kan diarfor ocksa tjana som 
en god handledning fér geografer, botanister, tekniker och andra, som fran 
olika utgangspunkter kommer i kontakt med kvartargeologiska fragor. Lund- 
qvist har genom sin fortsatta bearbetning och utdékning av jordartsdelen 
gjort en betydelsefull insats for bevarandet av den starka kvartargeologiska 
tradition, som ar ett av de viasentliga inslagen i svensk geologisk forskning. 


Erik Fromm 
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Métet den 7 mars 1957 


Narvarande 43 personer. 


Ordf., hr Brotzen, 6ppnade métet och meddelade, att hr Landergren 
pa sin 60-arsdag den 11 februari och hr Caldenius pa sin 70-arsdag den 
12 februari uppvaktats med telegram. Tackskrivelser ha ingatt. Hr R. 
Sandegren har skriftligen framfért ett tack till Féreningen for den pla- 
kett, vilken han erhdll vid foregaende sammantrade. 

Geologische Gesellschaft i Karl Marx Stadt har i skrivelse till Fér- 
eningen inbjudit till deltagande i deras varsession i Wernigerode den 
26—29 april. Anmalningsblanketter finnas hos sekreteraren. 

Styrelsen har till medlemmar i Foreningen invalt Doctor Paul de 
Wijkerslooth och Doctor Gerrit van der Kaaden, bada i Ankara, Tur- 
kiet, och foreslagna av hr T. Eriksson samt 

Ingenjér Martin Moberg, Stockholm — Viallingby, foreslagen av hr 
A. Nordstrém. 

Hr J. Lundqvist foredrog revisionsberattelsen Over styrelsens och 
skattmiastarens forvaltning under ar 1956, varefter av revisorerna till- 
styrkt ansvarsfrihet beviljades. 

Sammandrag av Geologiska Foreningens raikenskaper for ar 1955 
laémnas i nedanstaende tabell. 


Debet 
Balans till ar 1956 
Reservfondens konto ..........--..:ecececeeee ne eeeeeees 18 704: 03 
Overfort till 1956 ars lépande kassa ......6..0scceeceeee 19; 96 
Inkomster wnder ar 1956 
Rese TUIONGECTISNKONEOE ie aolne ob eines) ee tenis am 580: 94 
Statens Nat. Vet. Forskningsrad ............... 21 000: — 
PRM IOULOTOR FASIGLOS so asda aa « a berine 2 + oe me 2000: — 
Ledamotsavgitter, arliga ......----++++-seeeees 8 021: 94 
» SP BRANGA Sin dake nels ac sry Fae 500: — 
Moaalintay ev Gk Ne Miriray cei. oso be be oboe 3 899: 46 
PATIEVOTICT ESR Peete tts Hee Sith ls) soe Let ke 2 720: — 
Korrigeringsbidrag ......- 2.0 c0seen ecw terranes 130: 70 ° : 
Sing. er SCM ee Ids dee orn eacen-sekceses eioaaeas 58:90 38911: 94 
Balans till ar 1957 
Skuld till Norstedts tryckeri ..........----+---seee sees : 2 767: 83 
Summa kronor 60 403: 76 
) 
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Kredit 
Utgifter under ar 1956 
A. Geologiska Féreningens Férhandlingar 


Tryckning av argang 1956, betalt ............. 26 234: 74 

ee » ». wituidette. te. eeenen 2 767: 83 
Tilustrationer2Tovw 08 Se wart ne ee ee eee ee 6 244: 49 
Reteratarvodet «02. .5 4. Sak eb eee eee eee 83: 40 
Revue Annuellé 005.2. 20e: eee eee 228: 10 
Distribution och forsaljning —..-5 =e ee 1 082: 82 
Iixpeditionskosthader: 00.45% soc eas eens oe iad 329: 95 
Arvoden for redigering, distr., bokféring ........ 2820:— 39791: 33 
B. Féreningsomkostnader 
Sammantraden, exkursioner, representation ..... 1 441: — 
Boktérradet,, brandfdrsalame ~ i... (soe. eo eee 80:— 1521: —9§ 


Balans till av 1957 
IRGServirondene AcONUO co - aus 5 cutee cle eee ene 19 O91: 43 


Summa kronor 60 403: 76 


Sedan kvallens ordinarie foredragshallare, hr H. von Eckermann, 
nédgats lamna aterbud, héll hr P. H. Lundegardh ett med talrika ljus- 
bilder belyst foredrag om G6teborgstraktens berggrund. 

Med anledning av foredraget yttrade sig hr N. O. Bergquist och 
foredragshallaren. Vid den efterfoljande supén gjordes inligg aven av 
hr R. Sandegren och hr W. Wahl. 

En avhandling 1 amnet kommer att publiceras som nr 55318. G. U., 
ger. ©. 


Vid métet utdelades nr 488 avy Forhandlingarna. 


Moétet den 4 april 1957 


Narvarande 42 personer. 


Ordforanden, hr Brotzen, éppnade métet med féljande anforande: 

Den 6 januari avled professor Arthur L. Parsons i Toronto, Kanada, 
i en alder av 83 ar. Han féddes i Mount Morris, New York, U. 8. A., 
1873 och var efter universitetsstudier och anstallningar vid Geological 
Survery of United States docent i mineralogi vid universitetet i Toronto 
aren 1907—13. Vid samma universitet var han sedermera professor i 
mineralogi aren 1913—43. Fran 1947 var han direktér for Royal Ontario 
Museum of Mineralogy. Ar 1929 presiderade han som ordférande i 
Mineralogical Society of America. Parsons har publicerat mineralogiska 
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och kristallografiska undersékningar, bl. a. 6ver amfibolerna. Tillsam- 
mans med G. Aminoff har han bestamt kristallstrukturen hos mineralet 
sperrylit och undersékt symmetriférhallanden och gitterdimensioner 
hos finnemanit och mimetit. Blymineralet parsonsit ar uppkallat efter 
honom. Var férening tillhérde han sedan 1927. 

Den 29 mars avled dr phil. Naima Sahlbom, Stockholm, i en alder 
av nara 86 ar. Hon var fédd i Stockholm 1871 och blev efter studier 
vid Stockholms Hégskola och Uppsala universitet fil. kand. 1896 samt 
dr phil. i Neuchatel 1910. Efter att ha tjanstgjort vid de geologiska 
institutionerna 1 Helsingfors, Heidelberg och Basel samt senare vid 
Riksmusei Mineralogiska Avdelning, grundade hon 1914 i Stockholm 
ett privatlaboratorium for kemiska bergarts-, mineral- och vattenanaly- 
ser. Hennes verksamhet som analytiker har varit av stor betydelse fér 
den petrografiska och mineralogiska forskningen 1 Sverige. Bland ve- 
tenskapliga arbeten hon publicerat markes »Om radioaktiviteten hos 
svenska killvatten», offentliggjord redan sa tidigt som ar 1915. — I 
utomgeologiska kretsar fr hon kind som ledare inom Internationella 
kvinnoférbundet fér fred och frihet. Det var hon, som tillsammans med 
Matilda Widegren tog initiativet till den landsinsamling, som mdjlig- 
gjorde Elsa Braindstréms verksamhet bland krigsfangar i Sibirien efter 
_ férsta varldskriget. Fér sitt fredsarbete fick hon ar 1946 medaljen Illis 
quorum. — Var forening tillhérde hon sedan 1896, och under alla ar 
var hennes intresse stort for f6reningens verksamhet, och hon saknades 
sillan vid vara sammantraden. 

Jag lyser frid 6ver de bortgangnas minne. 


Till ledamot av f6reningen har styrelsen invalt fil. kand. Meeri 
Némm, Rotebro, foreslagen avy hr C. Martensson. 


Styrelsen har sant en telegrafisk halsning till hr W. Larsson pa den- 
nes 50-arsdag den 21 mars. Tackskrivelse har ingatt. 


Foreningen planerar en varutflykt till Utd séndagen den 19 maj 
under ledning av hr Gavelin for studium av sediment och strukturer i 
strandhallarna pa s6dra delen ay 6n. Sarskild kallelse kommer att ut- 
sindas senare. 

Darefter dverlamnades ordet till hr von Eckermann, som holl ett 
med talrika ljusbilder illustrerat foredrag med titeln: Alnéintru- 
sionenstektonik och genesisi belysning av gang- 
arnainom Bergefors-Ostrandsomradet. 


i eforsen nira Indalsilvens utlopp inom omradet for Alndintrusionens cone- 
Bis: bree diclAagur har Bergeforsens Kraftaktiebolag uppfort en vattenkraftstation, 
varvid langa tunnlar sprangts dels for turbinavloppen, dels for inspektion av berggrun- 
den under hela kraftstationsanliggningen och dels for sétvattenstransporten till Fager- 
viks, Vivstavarvs och Ortvikens pappersmassafabriker. 
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Genom utomordentligt tillmétesgiende fran sAval kraftbolagets ledning som fran dess } 
storsta intressent, Statens Vattenfallsstyrelse, har méjliggjorts en inmatning, kartering | 
och ingdende undersokning av de olika bergarterna och sarskilt de under bergssprang- » 
ningarna patraffade Alnogangarna. , 

Den i min tidigare Alnémonografi ur ett relativt fatal i dagen observerade och in- | 
mitta gangar hirledda sprangningstektoniken har kunnat kontrolleras pa 279 cone-sheet- 
gangar, blottade anda upp till 6ver 150 meter under dagytan och 5—10 meter under 
havsnivan. Tektoniken har darvid i huvudsak bekraftats, varjimte ur den nya projek- 
tionsbilden kunnat harledas en sannolik kraterdiameter av c:a 2 km vid 7—9 km djup. 
Denna slutledning bekraftas ytterligare genom extrapolering av de radiella gangarna 
mot centrum. Intrusionens teoretiska centrum visar sig ligga nigot norr om det i Alné- 
monografien framkonstruerade. 

Cone-sheets och radialgangar hava beriknats medféra en férhéjning av berggrunden 
vid kraterranden av c:a 105—110 meter, vilken forhéjning dock motverkats av instort- 
ningar och inglidningar langs slintytor i sérskilt de stérre och brantare cone-sheet-gang- 
arnas mitt. Nyfunna breccieblock pa undervattensskir i Klingerfjarden norr om Alnon 
iiro innu icke nirmare undersékta men tyda pa betydande tektoniska storningar. 

Dilatations- och replacementproblemet har kunnat behandlas tredimensionellt vid 
gangarnas inmatning i tunnlarna, varvid King’s och Roubault’s kriterier och teckningar 
befunnits missvisande. De aterfinnas i ett flertal larobécker och avhandlingar, sarskilt 
som tillhyggen i striden mellan magmatiker och transformister, men sakna varje som 
helst bevisvarde om de ej dro resultatet av en rymdundersékning inom en mycket stor 
kubikvolym, tackande praktiskt taget hela ifragavarande gangintruderade eller rem- 
placerade omrade. Harpa lamna ett femtiotal detaljundersékningar inom Bergeforstunn- 
larna och kraftstationsomradet ovedersigligt bevis. 

Gangarnas petrografi ir mera enhetlig 4n som pa grund av provtagningen i dagen 
tidigare kunnat férmodas. Ytvattnet har synbarligen astadkommit en sekundirmeta- 
morfos och karbonatisering vilken tidigare antagits i huvudsak vara primar eller astad- 
kommen av postmagmatiska gasexhalationer, varfér tidigare slutsatser maste modifieras. 
18 nya bergartsanalyser bekrafta detta. 

Den 6vre gangsviten (cone-sheets och radialgangar) utgéres huvudsakligen av kalcit- 
rika kimberlitiska bergarter, dar primir melilit omvandlats under granat-, kalcit- och 
lermineralbildning till ouachititiska kimberliter och dir den primara magnesiarika oli- 
vinen helt eller delvis ar serpentiniserad. Darjaémte forekomma mer eller mindre nefelin- 
rika, tinguaitiska och nefelinitiska gangar, samt kalcitiska, fluoritforande karbonatiter. 

Den undre gangsviten domineras helt av kimberliter, vilka genom narvaron av ofta 
frisk melilit och pyroxener narma sig alnditerna rent mineralogiskt och sammanfalla med 
dem kemiskt. Olivinerna aro oftast monticellitiska och friska. Dar de omvandlats ar 
den sekundira serpentinen poikilitiskt genomsatt av rundade kalcitkorn. 

Gangarnas kontaktfenomen framhiva aiven en temperaturskillnad mellan 6vre och 
nedre gangsviten, i det fenitiseringsbredden i regel ir hégre for de djupare an for de 
grundare gangarna. Likasi avtar fenitiseringsbredden i radialgangarna med avstandet 
fran vulkancentrum. Uppmatningen av fenitiseringsbredden i férhallande till gangbred- 
den visar ett bestimmt samband: ju bredare ging desto djupare har fenitiseringen intrangt 
i gnejsen. Ur dessa uppmatningar skulle, om fenitiseringprocessens tryck-, temperatur- 
ce pape one vore kinda, gangarnas temperatur vid intrusionen kunna 

eraiknas. 

Dar fenitiseringen av sidostenen upphér bérjar den tidigare beskrivna montmorillonit- 
-omvandlingen av gnejsens fiiltspater, friimst plagioklasen. Den fortsiitter fiven i fortsitt- 
ningen av sprickbildningen sedan intrusionen upphort, savil vid cone-sheets som vid de 
radiella gangarna. Nagot samband mellan gingbredd och denna omvandling har ej kun- 
nat faststallas. Sarskilt stark ar kontaktmontmorillonitiseringen lings vissa lagtempera- 
tur-karbonatiter i G6vre gangsvitens cone-sheets. 

Tekniska svarigheter vid tunnelspringningarna hava forutom genom den montmorillo- 
nitiserade gnejsens hydratisering och sénderfall iven uppstatt genom en motsvarande 
process i sarskilt den 6vre gangsvitens karbonatiserade kimberliter, dir det ur melilitens 
sonderfall uppstaende lermineralet likaledes sviller vid tillforsel av yatten och fuktig 
luft, varjamte det fria kolsyreéverskottet i avkylningskontakterna leder till bildning av 
lattlésligt kalciumbikarbonat s& snart vattengenomlackning uppstar. Pa mycket kort 
tid kan en flera decimeter bred gang pa sa sitt upplésas och spolas ut. Vid ett pH-varde 
pa vattnet av 5.6 har medelupplésningshastigheten faststillts till 9.5 mm djup pr an- 
greppsyta och ar, d. v. s. vid exempelvis en gang med lackningsytor lings kontakterna 
och mitten, alltsi 6 st. angreppsytor, 5.6 cm/ar. 
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Vad till sist AlnG-intrusionens genesis betraffar, kan franvaron av nefelinbergarter i 
den undre gangsviten betyda att diven de magmatiskt upptridande nefelinsyeniterna pa 
Aln6n i sjilva verket aro reomorfa. I sa fall vore Alnobergarternas ursprung nirmast 
att hanfora till alnditerna och en kolsyre-kalcit-koncentration i samband med dessas 


_ uppkomst. Redan Hégbom kallade alnditerna for melilitbasalter, och tanken ligger dir- 


for nara att basalternas niva inom jordskorpan dr den ort, dir man under icke orogena 
perioder har att sdka karbonatiternas och de darmed associerade bergarternas ursprung. 
Da basalterna, resp. diabaserna, forekomma under alla jordens kinda tidsperioder, 
skulle detta aven lamna férklaringen till den divergens som konstaterats i karbonati- 
ternas aldrar. Utvecklingsgangen synes pa olika lokaler ha varit olika, exempelvis vid 
Fen avsaknad ay alla de med 6verskottskolsyran sammanhingande oxidations- och mon- 
morillonitiseringsfenomenen i angriinsande urberg och vid Mbeya enbart kabonatisering 
av sidostenen utan vare sig fenitisering eller nefelinbildning. Slutresultatet: en oftast 
ren karbonatit med torium- och nagot uranhaltig pyroklor som enda accessoriska huvud- 
mineral tycks diremot nara nog vara universellt. Men innan vi ens forséka klara upp 
dessa divergenser i utvecklingsgangen till ett gemensamt slutmél miaste vi forst besvara 
fragan: Vad férorsakar kolsyreanhopningen nagonstans pa griinsen mellan basalterna 
och silikatskalet? Och pa den fragan har annu icke givits nagot godtagbart svar. 


I anledning av foredraget yttrade sig hr Asklund och fodredrags- 
hallaren. 


Geolognytt 


Vid méte i februari har Naturvetenskapliga forskningsradet bl. a. till- 
delat fil. lic. Valter Schytt, Stockholm, 45 000 kr for en glaciologisk expedi- 
tion till Nordostlandet 1957—58 och fil. lic. Backa Erik Eriksson, Uppsala, 
3 617 kr for utarbetande av metodik for anvandande av radioaktiva isotoper 
vid undersékning av sedimenttransport i floder. 


Geografiska sallskapet har i februari ur Andréefonden tilldelat fil. mag. 
R. Dahl, Uppsala, 3000 kr for studier av isavsmaltning och dalsediment i 
Skjomenomradet och angrinsande delar av Nordnorge, fil. kand. J. Norr- 
man, Uppsala, 4500 kr fér fortsatta strandstudier vid Visingsé, och doc. 
S. Rudberg, Uppsala, 2 400 kr for fortsatta studier rorande solifluktion och 
vissa frostmarksformer. 


Doe. i seismologi M. Bath har forordnats att fortfarande till 30 juni 1960 
inneha en forskardocentbefattning vid Uppsala universitet. 


Vid méte i mars har Naturvetenskapliga forskningsradet under forutsatt- 
ning att Riksdagen stiller medel till forfogande bl. a. beviljat prof. Per Thors- 
lund, Uppsala, 35 000 kr fér djupborrning pa Gotska Sandén for bedémande 
av ons berggrund, doc. Ake Sundborg, Uppsala, 4100 kr for utarbetande 
av klassifikation av fluviatila sediment med hinsyn till deras bildningsmiljé, 
prof. Erik Norin, Uppsala, 3500 kr for resa inom Campanien och till de 
Flegreiska darna fér insamlande av kompletterande material for datering av 
den senkvartira lagerfoljden, doc. P. H. Lundegardh, Danderyd, 2 100 kr 
for strukturanalys av kvartsiter och arkoser i grinsomradet mellan Halsing- 


land och Medelpad, samt lektor G. Johnsson, Lund, 1 900 kr for unders6k- 


_ 


ning rérande periglaciala frostfenomen, sarskilt iskilarnas genetik och ut- 
bredning i sédra Sverige. 
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Kungl. Fysiografiska sillskapet har i mars tilldelat fil. lic. M. Lindstrom, 
Lund, 1 000 kr for fortsatta tektoniska och stratigrafiska undersdkningar pa 
halvén Rhinns of Galloway, éster om Iriska kanalen. 


Fil. lic. Harry Mutvei, Stockholm, har erhallit 1 900 kr fran stiftelsen Lars 
Hiertas minne for studium av fossila nautiloider vid museer i Képenhamn 
och Oslo, samt 600 kr fran Gustav Lindstro6ms minnesfond for studier av 
recenta mollusker vid Kristinebergs zoologiska station. 


For vinnande av filosofie doktorsgrad disputerade den 6 april doc. fil. lic. 
Valdar Jaanusson i Uppsala pa en avhandling med titeln »Middle Ordovician 
Ostracodes of Central and Southern Sweden». Fakultetsopponent var kon- 
servator Gunnar Henningsmoen, Oslo, och andre opponent fil. lic. Anders 
Martinsson, Uppsala. 


Kungliga Vetenskapsakademien har tilldelat prof. Erik Stensis, Stock- 
holm, sin stérre Linnémedalj i guld for ar 1957. 


Kungliga Fysiografiska Sallskapet i Lund har till ledamot valt fil. dr 
G. Lundqvist, Stocksund. 


Sveriges geologiska underséknings filtarbeten 


iPS ae 


Statsgeologen G. Lundqvist leder rekognosceringen fdr kartbladet 10 I 
Stockholm NO och i samband diarmed jaimte P. H. Lundegardh en kurs 
for nya extrageologer, leder rekognosceringen for jordartskartan 6ver 
Gavleborgs lin samt reviderar jordartskarteringen for kartbladet Eskils- 
tuna. Medhjalpare pa Eskilstuna och i Givleborgs lin: assistent C. Larsson. 

Nya extrageologer: J. Ek, P. Engqvist, Urve Miller, A. Méller, Anne Rein- 
tamm, T. Renewall och N. Svensson. - 

Extrageolog i Gavleborgs lin: A. Hornsten. 

Statsgeologen B. Asklund utfér undersékningar 6ver berggrunden i Jimt- 
lands lin. Medhjalpare: geologen G. Stalhés. 

Extrageolog: H. Johansson. 

Statsgeologen G. Ekstrém leder kvartiirgeologiska specialundersdkningar i 
norrlindska alvdalar. Medhjalpare: geologerna J. De Geer, H. Méller och 
K. Nilsson. 

Extrageologer: L. Danielsson, Y. Hector, R. Hult, G. Jonsson, L. Kers, 
B. Linder, E. Magnusson, B. Nordgren. 

Statsgeologen O. Kulling utfor berggrundsgeologiska undersékningar i Norr- 
bottens lans fjalltrakter. Medhjilpare: geologen G. Bexell. 

Statsgeologen F. Brotzen leder geologiska och geofysiska undersdkningar i 
Skanes mesozoiska berggrund samt utfor specialundersékningar pa Gotland. 

Statsgeologen W. Larsson reviderar berggrundskarteringen for kartbladet 
Falkenberg samt utfér berggrundsgeologiska specialundersékningar, friimst 
1 Ovre Norrland. 

Statsgeologen P. H. Lundegardh leder tillsamman med G. Lundqvist en kurs 
for nya extrageologer, leder rekognosceringen fér berggrundskartan dver 


Givleborgs lin och reviderar berggrundskarteringen inom kartbladet 
Eskilstuna. 
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Extrageologer: R. Gorbatshey, H. W. Lindholm, B. Lindqvist och Th. 
Lundqvist. 

Statsgeologen K. Fromm utfér kvartirgeologiska specialundersékningar samt 
leder rekognosceringsarbetet fdr jordartskartan éver Vasternorrlands lan. 

Statsgeologen E. Mohrén utfér specieHa hydrogeologiska undersékningar i 
nordvastra Skane. 

Statsgeologen G. Kautsky leder de malmgeologiska undersékningarna i 
Vasterbottens och Jamtlands fjalltrakter. 

Extrageologer: G. Nilsson och J. Remane. 

Praktikanter: R. Skoglund och L. Thofelt. 

T. f. statsgeologen R. Frietsch leder de malmgeologiska arbetena inom Norr- 
bottens urberg. 

Extrageologer: O. Magnusson och B. Meyerhdffer. 

Professor 8. Hjelmqvist avslutar rekognosceringen och leder revisionen fir 
Sversiktskartan 6ver Kopparbergs lins berggrund. 

Extrageologer: B. Collini, P. Forsell och L. Bergstrém. 

Professor P. Thorslund utfér stratigrafiska och tektoniska undersékningar 
inom Jamtlands lan. 

Extrageolog; T. Tjernvik. 

Laborator G. Assarsson leder med bitrade av geologen 8. Holmberg drets 
torvinventeringar. 

Laborator 8. Werner leder statens malmletningsarbeten i Ovre Norrland. 

Avdelningschefen V. Hagander leder borrnings- och blottningsarbeten i 
samband med statens malmletning i 6vre Norrland. 

Geologen J. Lundqvist pabérjar rekognosceringen for en jordartskarta éver 
Jimtlands lin samt utfor kompletterande undersdkningar i Varmlands lin. 

Extrageolog i Jamtlands lan: 8. Svensson. 

Geologen B. Jirnefors utfor geokronologiska undersékningar inom omradet 
fran Gavle till Sundsvall samt kompletterande undersékningar i Goéta alvs 
dalgang. I arbetet deltar forste laboratorbitr. G. Ekman. 

Geologen B. Dahlman utfér specialundersékningar rérande Nirkes och Vaster- 
gdtlands alunskiffrar samt leder grundforskningen rorande urans och toriums 
upptridande i den svenska berggrunden. 

Extrageologer: H. Berg, B. Boqvist, G. Ghemne, Ella Johansson, O. Kint, 
L. Lindblom, H. Nairis, H. Nordlund, I. Poulsen, R. Randmetz, J. Sjéstrém, 

Praktikanter: L. Andersson och L. Eriksson. 

Geologen H. Tullstrém utfér hydrogeologiska undersdkningar pa Kristian- 
stadsslatten. 


Extrageolog: A. Moller. 
Geologen E. Ahman foretar tjainsteresor i samband med utmalsliggningar 


och inmutningar samt utfor berggrundsgeologiska specialundersékningar 
i Ovre Norrland. 

Geologen H. Sarap leder de malmgeologiska arbetena i Vasterbottens urberg. 

Extrageologer: C. Wendt, E. Zachrisson och O. Ziemelis. 

Geofysiker L. Granar bitrader laborator Werner med de geofysiska mitningar- 
na i Vasterbottens urberg och i Vasterbottens och Jimtlands fjilltrakter. 

Geofysiker J. Espersen bitrider laborator Werner med de geofysiska miit- 
ningarna i Norrbottens lans urberg. 

Geologen G. Stalhés utfér geologiska undersdkningar i mellansvenska gruvor 
samt deltager i de berggrundsgeologiska undersékningarna inom Jimt- 
lands lan. 


19--573060. G. F. F. 1957. 
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Assistenten C. Larsson deltar i jordartskarteringen i Gavleborgs lan och utfér 
torvgeologiska undersékningar inom kartbladet Eskilstuna. 

Assistenten A. Theolin deltager i de malmgeologiska arbetena i Norrbottens 
urberg. 

Geologerna J. De Geer, H. Méller och K. Nilsson bitrader statsgeologen 
G. Ekstrém vid de kvartargeologiska undersékningarna i norrlandska 
alvdalar. 

Geologen G. Bexell bitrider vid berggrundsundersékningarna i Norrbottens 
lans fjalltrakter. 

Geologen 8. Holmberg évervakar patrullerna vid torvinventeringen. 

Patrulledare: H. Géransson, V. Kankare, K. V. Risto och R. Stenfors. 


SVERIGES GEOLOGISKA UNDERSOKNINGS SENAST 
UTKOMNA PUBLIKATIONER ARO: 


Ser. Aa. Geologiska kartblad i skalan 1 : 50000 med beskrivningar 


Priset for karta i Ser. Aa med beskrivning ar 10:— kr, for karta enbart 8:— kr. 
(Price: map sheet + descriptive text Sw. kr. 10:—, map sheet Sw. kr. 8:—) 


N:o 187 Varvik av W. Larsson och R. Sanpecren. 1956 
>» 194 Sdter av S. Hsenmevist och G. Lunpevist. 1953 
195 Sdré av P. H. LunpEeGarpy och R. SANDEGREN. 1953 
196 Vdsterds av P. H. LunpEGirpH och G. Lunpevist. 1954 
197 Laholm ay W. Larsson och C. CaLpentus. T. y. utan beskrivning 
198 Halmstad av W. Larsson och C. CaLpENtvs. > » » 
199 Uppsala ay P.H. Lunpecirnu och G. Lunvevist. With English summaries. 1956 


rn ee ef ¥ 


Ser. Ad. Agrogeologiska kartblad i skalan 1 : 20000 med beskrivningar 


Priset fér karta i ser. Ad med beskrivning ar 8:— kr, fér karta enbart 6:— kr. 
(Price: map sheet + descriptive text Sw. kr. 8:—_, map sheet Sw. kr. 6: —) 


N:o 2 Lund av G. Exstrom. 1953, karta med beskrivning 
> 3 Revinge > > > t. v. utan beskrivning 
> 4 Léberéd > > > > > > 
> 5 Ortofta > > > > > » 

» 6 Kdvlinge > > 1955, » 

> 7 Teckomatorp » > > > » > 
> 8 Trollends > > > » » > 
> 9 Bosjékloster > > 1956, » > > 


Arsbok 49 (1955) 


N:o 541 Prnava-PopGurski, N., Nya geologiska see vid Uté jarnmalms- 
falt. English abstract. OO Gerdes 2m ; . 3,00 
» 542 Hsetmagvist, 8., On the occurrence of ignimbrite in che Pre-Cambrian 1956 1,00 
» 543 Kaorsky, G., Ein Beitrag zur Stratigraphie und dem Bau des Skelleftefel- 


des, Archaikam, Nordschweden. Mit 4 Tafeln. 1956 ... Ae ALY 
» 544 LunpEGArpa, P. H. semieaed of the U dus region, Eastern Sweden. “With 
OUGMDIAtOML Od aks eter ess Pipe iis Woks iss Oe ee op 6 CNG 


Arsbok 50 (1956) 
N:o 545 Baru, M., An de ered catalogue for Fennoscandia for the see 1891— 


1950. 1956 Mee eos 00 
» 548 Lunpsiap, B., On the stratigraphical yalne of the megaspore of Lyeo- 
strobus scottii. 1956 .... be he . 1,00 


Ser. Ca. 
N:o 27 Caupenius, C., and Lunpstrom, R., The landslide at Surte on the river 
Géta aly. — Special chapters by B. Feiventus and E. Mourén. With 


DIR LODO ss a aeons) slo fe Pehl o let ey se else ee 6500 
>» 81 Borett, R., och OFFERBERG, ce ‘Geokronologiska, undersékningar inom In- 


dalsiilyens dalgang mellan Bergeforsen och Ragunda. — Med 6 planscher. 


With English summary. 1955 ..... . 8,50 
> 87 Gaveuiy, S., och Kutuine, O., Beskrivning till berggrandskarta Sver Wise 
terbottens lin. Karta i saa 1: 400000. With maples summaries. 1955 45,00 


Distribueras genom — Distributed by 
Generalstabens Litografiska Anstalts Forlag, Drottninggatan 20, Stockholm 16. 
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Craelius XF, fér djup till 300 meter 
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Craelius AB-2 och AB-50, f6r djup till 350 meter 
Craelius XH och XH-50, for djup till 600 meter 
Craelius XL och B-3, for djup till 1.200 meter 
Craelius XO-2, for djup till 2.000 meter 
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ELEK.CRISK MAULMLETLNIN.G 
Stockholm - Danderydsgatan 11 
Telefon: 230255 
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KONSULTERANDE INGENJORER OCH ARKITEKTER 


Ledamoter av Svenska Konsulterande Ingenjorers Forening 
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Samhallsplanering 
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HUMLEGARDSGATAN 29 — STOCKHOLM 
Telefon: lokal 22 85 80, riks 22 8930 — Telegram: VATTEN 


Harmed riktas en allvarlig uppmaning till férfattarna i Geol. Féreningens Férhand- 
lingar att avlamna tydliga, slutgiltiga, val genomsedda, maskinskrivna manuskript. 

Sarskilt bir uppmarksamheten agnas 4t strangt genomférd konsekvens betraffande 
skrivningen avy namn, latiniserade ordformer och tekniska uttryck, samt at 
stilformernas riktiga betecknande (kursiv, sparrad, KAPITALER). Kursiystil anvan- 
des blott for latinska namn (ej for att understryka vikten av visst textinneh&ll), dock, i 
engelsk text, for alla frammande ord. Sparrad stil anvandes for att framhava vissa 
ord eller meningar i texten. Kapitaler anvandas fér personer i samband med citera- 
de skrifter, t. ex. SanamMA 1954. I manuskriptet utmirkes: 

sparrning med --------- 

KAPITALER >» 

kursiv gt ae ee et 

Konsekvens i férkortningar ar i hég grad énskvard. Féljande detaljer kunna uppmark- 
sammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Citerade arbeten anféras i texten med angivande ay férfattarens namn och arbetets 
tryckér inom parentes (SaHAmA 1954), och sammanstillas i alfabetisk ordning vid upp- 
satsens slut (observera skiljetecknen och férkortningar): 

Sanama, Tu. G., 1954: Mineralogy of mafurite. Bull. Comm. géol. Finl., N:o 166. 

Korrekturlasning &ligger firf. Rea. 


GEOLOGISKA FORENINGENS I STOCKHOLM FORHANDLINGAR 
utkomma med 4 hiften Arligen. Prenumeration mottages genom Nordiska bok- 
handeln, Stockholm l, tel. 238400 (vaxel). 


Bd 1—381 & 20 ky. Bd 71—73 a 20 kr. Generalregister till 
» 32 » 60 » » 74—78 » 30 » Bd 22—31 a 6 kr. 
» 33—65 » 20 » Generalregister till » 32—41 >» 6 » 
» 66 » 30 » Bd 1—5 43 kr. » 42—50 » 6 » 
» 67—69 » 20 » » 6—10»4 » » 51—60» 6 » 
» 70 » 25 » » l1—21»6 » » 61—70 » 10 » 


Lésa haften av alla banden till pris beroende p& haftenas omfang. 

Medlemmar av Foreningen erhalla genom skattmistaren de aldre banden av For- 
handlingarna och Generalregistret till halften av det ovan upptagna bokhandelspriset. 
A losa haften lamnas ej prisnedsittning. (Styrelsens beslut d. 27/19 1922.) 


Geologiska Féreningens sekreterare, Fil. Lic. Err Auman och redaktér, Docent 
P. H. LunpEcirp#, traffas i Féreningens angelagenheter & Sveriges Geologiska Under- 
sdkning, tel. 34 97 90, sikrast tisdagar och torsdagar kl. 13—14. 

Foéreningens ordinorie méten aga rum firsta helgfria torsdag i manaderna 
februari, mars, april, maj, oktober, november och december. Januarimétet hilles pa 
den torsdag, som infaller under tiden 10—16 jan. Anslag om foredragnings- 
listan finnas minst 3 dagar fore sammantradet uppsatta pA anslagstavlorna 4 ett 
antal offentliga institutioner med geologisk anknytning i Stockholm, Uppsala och 
Lund. 

Personlig kallelse till sammantradena utfardas till ledamdter, som s4 onska. 

Haftena utdelas sammantradesdagarna i januari, mars, maj och november. 

Uppsatser, avsedda att inféras i Férhandlingarna, insindas till Foreningens redaktér, 
Stockholm 50. Atféljande tavlor och figurer skola vara fullt firdiga till reproduk- 
tion, d& de jamte uppsatsen sandas. 

I Férhandlingarna ma uppsatser inféras antingen pi skandinaviskt sprék eller pa 
engelska, franska eller tyska. Férfattare vare skyldig att bifoga i det férra fallet dver- 
sattning av titel och figurtexter samt kort resumé pa engelska, franska eller tyska, 
i det senare fallet, di Styrelsen anser sidan 6nskvard, resumé pa skandinaviskt sprak. 

Manuskript, skrivet pd frammande sprak, skall vara granskat av sakkunnig sprak- 
man, varom meddelande gires till redaktéren. 

Darest korrektionskostnaderna for inférd uppsats uppga till mera iin 24 kronor pr 
tryckark, vare forfattare skyldig att erlagga det dverskjutande beloppet, sivida det 
uppgar till minst 10 kr. pr uppsats. 

Férfattare erhaller gratis av inférda uppsatser 75 separat i omslag utan titel; ytter- 
ligare ex. samt ev. omslagstitel betalas av férf. Av notiser, anmalanden och foredrags- 
referat lamnas separat endast efter sairskild 6verenskommelse. 

Referat honoreras sélunda (Féren. beslut 7/12 1911): 
l:sta sidan eller del darav efter 20 Gre pr tryckrad, 2:dra sidan efter 15 och 3:dje sidan 
eller del darav efter 10 dre pr tryckrad. Féljande sidor honoreras icke. 

Anmalan om féredrag och meddelanden gores i god tid hos sekreteraren. 

Ledaméternas Grsavgifter, vilka enligt § 7 av Féreningens stadgar skola vara erlagda 
senast den 1 mars, inbetalas 4 postgiro 2108, Geologiska Féreningen S tock holm 50, 
eller insdndas till skattmistaren, Intendent O. Gasrietson, Stockholm S0, till 
vilken aven lamnas uppgifter om andring av adresser och titlar. 

Arsavgiften utgor kr. 20: —, avgift sisom standig ledamot kr. 250: —. 
Ledamot, som under en féljd av minst 20 ar erlagt arlig ledamotsavgift, kan bliva stin- 
dig ledamot mot en avgift av kr. 125: —. Ledamot, som under 50 Ar erlagt drlig avgift, 


ar befriad fran ytterligare Arsavgifter till Féreningen. 
Postadress: Geologiska Foreningen, Stockholm 50. Postgiro: 2108. Telefon: 34 97 90. 
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